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PREFACE 


This  report  is  an  appendix  to  the  Urban  Runoff  and  Basin  Drainage 
Study.  It  contains  general  information  on  each  of  the  regional  drainage 
sub-basins  within  the  Green  and  Cedar  River  Basins  (State  of  Washington 
Water  Resource  Inventory  Areas  8 & 9)  and  specific  descriptions  of  all 
alternative  drainage  plans  considered,  including  costs  and  environmental 
assessments . 

The  Urban  Runoff  and  Basin  Drainage  Study  is  part  of  an  environmental 
management  program  for  the  Green  and  Cedar  River  Basins  in  King  and  Snoho- 
mish Counties,  Washington,  and  has  been  conducted  under  the  auspices  of  the 
River  Basin  Coordinating  Committee  (RIBCO).  Four  principal  studies  comprise 
the  RIBCO  Environmental  Management  Program:  Part  I - Water  Resources;  Part 

II  - Urban  Drainage;  Part  III  - Water  Quality  and  Part  IV  - Solid  Waste. 

The  Urban  Runoff  and  Basin  Drainage  Report  presents  a comprehensive 
plan  for  meeting  the  existing  and  long  range  urban  drainage  needs  within 
the'^Green  aivd- Cedar  River  Basing.  The  study  reconmendations  address  drainage 
facilities,  capital  cost,  methods  of  financing  and  institutional  arrangements 
for  effective  drainage  management.  The  recommended  plans  are  conceptual  and 
are  intended  for  use  by  local  governments  as  a guide  in  the  future  planning 
of  drainage  systems.,^ 

The  published  report  is  composed  of  the  following  documents: 

Tecnnical  Report 

Appendix  A - Regional  Sub-Basin  Plans 

Volume  1 - Cedar  River  Basin 
Volume  2 - Green  River  Basin 

Appendix  B - Urban  Storm  Drainage  Simulation  Models 

Appendix  C - Storm  Water  Monitoring  Program 

This  report  is  submitted  in  compliance  with  the  terms  of  contract 
UACW67-73-C-0022  between  the  Seattle  District,  U.  S.  Army  Corps  of  Engineers 
and^KCH-WRE/YTO. 
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PRESENT  DRAINAGE  SYSTEMS 


NATURAL  SYSTEMS 


The  underlying  and  basic  drainage  system  within  the  Green  and  Cedar  River 
Basins  is  a complex  of  streams,  rivers,  lakes,  ponds,  wetlands,  and  Puget 
Sound.  The  Urban  Runoff  and  Basin  Drainage  Study  has  focused  on  27  regional 
sub-basins  and  their  stream  systens,  although  numerous  other  named  and  unnamed 
streams  make  up  this  system.  The  two  major  river  basins,  the  Green  and  the 
Cedar,  have  origins  in  Lhe  snowpack  of  the  west  slopes  of  the  Cascades.  The  re- 
maining stream  courses  and  water  bodies,  while  receiving  precipitation  in  the 
form  of  snow,  are  primarily  dependent  upon  rainfall  as  their  source  of  water. 

The  significant  rainfall  occurs  from  late  fall  to  early  spring.  While  winter 
flows  in  thr  ‘’-earns  are  usually  higher,  perennial  flows  are  experienced  by 
all  strear  ing  a drainage  area  of  approximately  1.5  square  miles  or  more. 

Tne  wetl  ground  water  stored  in  permeable  soils  provide  the  main  source 

for  sun 


.lie  lush  natural  vegetative  cover  of  the  region  has  an  annual  capability 
for  returning  water  to  the  atmosphere  through  evapo-transpi ration  in  excess  of 
the  amount  of  precipitation  that  actually  falls. 

SEMI -DEVELOPED  SYSTEMS 


Every  stream  system  has  some  type  of  man-made  improvement.  All  streams 
have  at  least  a few  culverts  and  bridges  and  the  sub-basins  in  which  the  streams 
are  located  nave  sotne  impervious  surfaces  such  as  roads,  houses,  businesses, 
etc.,  many  of  which  are  drained  by  conduits  to  nearby  watercourses. 

Other  man-made  features  commonly  found  are  rip-rapped  and  concrete- 
lined  channels,  diversion  structures,  storage  ponds,  fish  ladders,  gutters, 
catch  basins,  settling  basins,  weirs,  water-supply  intake  pipes,  and  reser- 
voirs. 


These  additions  to  the  natural  drainage  system  have  been  made  primarily 
as  urbanization  of  natural  and  rural  areas  has  occurred.  These  have  been 
made  because  the  very  process  of  urbanization  has  so  altered  the  runoff  charac- 
Unistics  within  the  watersheds  that  the  streams  need  to  be  controlled  in  order 
to  prevent  major  flooding,  erosion  and  siltation. 

While  some  of  the  changes  to  the  natural  streams  have  not  resulted  in 
any  significant  adverse  impacts,  the  net  effect  of  continuing  changes  is  a 
steady  degradation  of  the  natural  stream  system.  This  degradation  has  pro- 
gressed to  the  point  for  some  streams  that  significant  fisheries  resources  have 
been  lost,  annual  flooding  is  commomplace,  and  sunnier  flows  have  become  non- 
existent. 

FULLY  DEVELOPED  SYSTEMS 

When  a stream  channel  can  no  longer  withstand  the  rapid  runoff  atten- 
dant with  advanced  urbanization,  it  is  often  completely  encased  in  a pipe  or 


HCEDAR  river  basin  □green  river  basin 

C 1 Upfwr  Cedar  River  G 1 

C 2 Lower  Cedar  River  G2 

C 3 Issaquah  Creek  G 3 

C 4 Lake  Sammamish  G 4 

C-5  Evans  Creek  G 5 

C 6 Bear  Creek  G 6 

C-7  North  Creek  G 7 

C 8 Swamp  Creek 

C-9  Sammamish  River  i 

C 10  Juanita  Creek 

C 1 1 Lyon  Creek  ^ ^ 

C 12  McAleer  Creek 

C 13  Thornton  Creek  P3 

C 14  Mercer  Slough 

C 15  Coal  Creek 

C 16  May  Creek 

C-17  Lake  Weshington  East 

C 18  Lake  Union 

C-19  Lake  Washington  West 


Upfjer  Green  River 
Newaukum  Creek 
Big  Soos  Creek 
Middle  Green  River 
Lower  Green  River 
Black  River 
Duwamish  Estuary 
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' DRAINING  TO  PUGET  SOUND 
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? Middle  Puget  Sound 
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conduit  of  sufficient  size  to  accommodate  any  flow  and  is  buried  beneath 
the  ground  or  possibly  placed  in  a concrete  channe'.  A stream  also  may  be 
piped  underground  by  an  insensitive  landowner  or  developer  who  wishes  to 
increase  the  "usable"  square  footage  of  his  property.  The  Study  Area  now 
has  a significant  amount  of  the  once-natural  streams  in  pipes  and  conduits. 
The  distances  that  stream  systems  are  piped  varies:  former  streams  in 

Seattle  are  now  totally  enclosed  in  pipe,  but  streams  such  as  May  Creek  on 
the  east  side  of  Lake  Washington  have  little  or  no  pipe. 

The  drainage  system  serving  the  City  of  Seattle  has  a second  unusual 
characteristic.  The  majority  of  the  City  has  been  served  by  combined  sewers 
in  which  sanitary  and  storm  sewage  flow  in  the  same  pipe.  However,  the  prob- 
lems resulting  from  this  method  are  now  being  corrected  by  a '^'"Jatively 
costly  separation  program  that  will  place  almost  all  storm  drainage  systems 
underground. 

As  a basis  for  comparison  of  natural  and  man-made  systems,  the  follow- 
ing table  shows  the  existing  lengths  of  natural  streams,  storm  drainage  pipes 
of  30  inches  in  diameter  or  larger,  and  combined  sanitary  and  storm  sewer 
systems  30  inches  or  larger  for  each  regional  sub-basin  and  demonstration 
area. 


Of  the  977  miles  of  streams  identified  in  the  Study  Area*,  approx  - 
mately  147  miles  or  15%  are  now  in  pipes  and  conduits.  The  extent  of  these 
installations  is  related  to  the  amount  of  impervious  surface  present  in  the 
Study  Area  which  presently  is  approximately  17%  of  the  total  area. 

The  Water  Quality  Management  Study  Report  has  categorized  the  streams 
according  to  the  existing  level  of  urbanization.  These  categories  are: 

(I),  Rural  - Undeveloped;  (II),  Rural  - Agricultural;  and  (III),  Urban  - 
Suburban.  The  assignment  of  these  categories  to  the  various  named  streams 
in  the  Study  Area  can  be  seen  in  the  regional  sub-basin  descriptions  in 
tnis  Appendix.  While  these  categories  accurately  reflect  existing  conditions, 
there  is  little  hope  that  they  will  remain  valid  for  many  of  the  streams 
after  the  next  few  years. 


* Excludes  the  Upper  Green  River  and  Upper  Cedar  River  Sub-Basins  and  the 
main  stems  of  the  Green  and  Cedar  Rivers. 


c9  o.  a.  a. 


TABLE  1 


EXISTING  SYSTEM  INVENTORY 

REGIONAL  SUB-BASINS 
(excluding  demonstration  areas) 


Natural  Stream*  Pipe/Conduit**  Combined  System** 


C-2 

Lower  Cedar  River 

5b. 2 miles 

C-3 

Issaquah  Creek 

63.6 

0.1  miles 

C-4 

Lake  Sammamish 

27.0 

3.2 

. 

C-5 

Evans  Creek 

75.0 

0.2 

• 

C-6 

Bear  Creek 

26.2 

0.1 

C-7 

North  Creek 

21.8 

0.1 

• 

C-8 

Swamp  Creek 

30.2 

1.2 

C-9 

Sammamish  River 

38.9 

1.9 

. 

C-10 

Juanita  Creek 

15.4 

0.7 

• 

C-11 

Lyon  Creek 

9.3 

1.0 

. 

C-12 

McAleer  Creek 

10.2 

2.0 

- 

C-13 

Thornton  Creek 

8.4 

2.0 

C-14 

Mercer  Slough 

26.3 

4.6 

C-lb 

Coal  Creek 

14.9 

0.5 

• 

C-16 

May  Creek 

22.2 

. 

C-17 

Lake  Washington  East 

19.7 

8.1 

• 

C-18 

Lake  Union 

- 

30.0  miles 

C-19 

Lake  Wasnington  West 

8.4 

3.8 

21.4 

u-2 

Newaukum  Creek 

32.8 

1.1 

G-3 

Big  Soos  Creek 

65.8 

• 

. 

G-4 

Middle  Green  River 

70.4 

G-S 

Lower  Green  River 

38.1 

8.8 

G-6 

Black  River 

33.5 

4.5 

3-7 

Uuwamish  Estuary 

10.3 

11.6 

12.0 

P-1 

Upper  Puget  Sound 

20.3 

5.2 

- 

P-2 

Middle  Puget  Sound 

9.7 

0.4 

3.0 

P-3 

Lower  Puget  Sound 

19.5 

2.0 

6.0 

SUB -TOTALS 

773.1 

63.1 

72.4 

DEMONSTRATION  AREAS 

Thornton  Creek 

11.5 

4.1 

• 

Kelsey  Creek 

15.0 

1.8 

- 

May  Creek 

- See  C-16  May  Creek 

above  - 

Mill  Creek 

20.1 

2.8 

Miller  Creek 

9.6 

3.1 

- 

SUB -TOTALS 

56.2 

11.8 

TOTALS 

829.3  miles 

74.9  miles 

72.4  miles 

* Excludes  main  stems  of  the  Green  and  Cedar  Rivers. 
**  Pipes  and  conduits  30  inches  or  larger. 
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PRESENT  AND  FUTURE  URBAN  DRAINAGE  PROBLEMS 


PRESENT  PROBLEMS 

During  the  inventory  process,  there  also  was  an  examination  made 
of  problems  relating  to  druinage.  There  were  found  to  be  problems  within 
existing  drainage  systems,  such  as  conduits  and  natural  systems,  and  also 
problems  associated  with  some  of  the  isolated  lowlands  or  wetlands,  typical 
of  the  Puget  Sound  geology.  Problems  of  all  types  related  to  drainage  were 
given  consideration  in  the  study.  The  same  agencies  which  provided  infor- 
mation on  existing  facilities  also  were  asked  to  furnish  their  information 
on  problems  and  damage  losses  resulting  therefrom.  In  most  instances,  the 
inventory  process  of  conditions  and  practices  was  conducted  simultaneously 
with  tne  examination  of  problems. 

A complete  record  of  all  recorded  and  reported  problems  were  compiled 
for  each  sub-basin.  Table  2 indicates  problem  data  sources  by  agency,  citi- 
zen report,  newspaper,  or  field  observation  for  each  sub-basin. 

The  public  was  asked  to  tell  of  their  problems,  and  to  give  their 
opinions  about  how  problems  could  be  solved,  at  a series  of  community  meet- 
ings conducted  at  nine  locations  throughout  the  Study  Area  during  November, 
1972.  Problems  were  tabulated  from  the  questionnaires  completed  by  attending 
citizens.  The  total  number  of  questionnaires  returned  and  used  in  determin- 
ing responses  was  170. 

Nearly  all  who  attended  the  November,  1972,  meetings  lived  in  the  Study 
Area,  while  two-thirds  lived  in  an  incorporated  city  or  town.  Nearly  90 
percent  of  the  citizens  owned  their  homes.  Most  residents  were  aware  of  the 
problems  involved  with  urban  runoff  during  periods  of  heavy  rainfall,  while 
approximately  80  percent  believed  that  these  problems  existed  in  their  im- 
mediate neighborhoods.  It  was  the  consensus  of  87  percent  that  temporary 
storage  of  stormwater  runoff  in  their  neighborhoods  would  be  acceptable,  with 
open  fields,  golf  courses,  roadside  ditches,  parking  lots,  and  picnic  areas 
the  locations  preferred,  in  the  order  listed.  Very  few  believed  that  the 
water  should  be  allowed  to  stand  in  the  streets  or  their  lawns  and  driveways, 
but  about  half  were  willing  to  permit  temporary  storage  of  stormwater  else- 
where on  their  property. 

Public  opinion  was  overwhelmingly  against  the  use  of  concrete  linings 
in  streams  in  order  to  lessen  damage  by  stormwater  runoff,  while  the  use  of 
a rock  or  boulder  lining  was  more  environmentally  acceptable. 

Attendees  overwhelmingly  favored  the  use  of  tax  money  to  pay  the  cost 
of  stormwater  runoff  control  and  believed  that  the  cost  should  be  shared  by 
residents  of  both  hillsides  and  low-lying  areas. 

Most  of  the  attendees  believed  that  existing  control  measures  are 
insufficient  to  protect  natural  stormwater  runoff  channels  and  that  zoning 
should  be  adopted  for  the  purpose,  although  development  of  presently  vacant 
land  should  not  be  completely  halted,  and  streams,  swampy  areas,  and  other 
natural  areas  where  development  was  limited  should  be  opened  for  public  re- 
creational use. 


TABLE  2 

EXISTING  PROBLEM  DATA  SOURCES 


ft 
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They  believed  that  building  should  be  restricted  in  low-lying  areas 
suDject  to  seasonal  flooding,  out  that  changes  to  more  intense  use  of  urban 
or  suburban  lands  would  not  be  completely  stopped,  but  rather  controlled  in 
some  way.  Citizens'  opinions  were  mixed  with  regard  to  the  level  of  govern- 
ment which  should  be  responsible  for  control  measures,  but  spoke  most  affir- 
matively of  regional  organizations,  such  as  itetro. 

Streams  were  considered  to  be  important  urban  assets,  while  swamps 
and  seasonal  swampy  areas  were  also  believed  to  be  valuable  assets  to  the 
environment.  Most  attendees  considered  that  building  should  be  restricted 
within  100  feet  of  natural  water  runoff  features,  except  lakes  and  major 
rivers,  while  streams,  swamps,  and  seasonally  swampy  areas  should  be  used 
for  both  active  and  passive  recreation. 

From  the  inventory  process,  the  above  described  questionnaire  results, 
and  from  additional  problem  input  obtained  from  the  public  at  the  January, 
1973,  series  of  community  meetings,  maps  were  prepared  that  indicate  problem 
location  and  type.  These  maps  were  used  at  the  June,  1973,  round  of  communi- 
ty meetings  to  show  citizens  the  wide  range  of  drainage  problems  in  the 
Study  Area. 

A Summary  of  reported  problem  types  is  listed  by  sub-basin  in  Table 
3.  Additional  problems  found  during  the  hydraulic  analysis  of  the  existing 
drainage  systems  are  included  in  the  table. 

The  only  water-quality  problems  reported  by  citizens  were  those  of 
turbidity,  and  they  are  grouped  in  the  table  with  sedimentation  problems. 

The  most  frequently  reported  problem  was  ponding  or  standing  water, 
which  accounted  for  25%  of  the  total  problems  reported.  Second  most  fre- 
quently reported  was  slides,  24%  of  the  total.  The  problem  of  slides  is 
over  representative  of  type  and  frequency  due  to  a large  amount  of  data 
received  from  one  source,  the  Small  Business  Administration. 

The  ranking  of  documented  problem  types  by  reported  events  is: 


Ponding 

93 

Slides 

91 

Stream  Flooding 

37 

Ditch  Flooding 

35 

Structural  Failure 

37 

Sedimentation 

27 

Erosion 

43 

Home  Flooding 

21 

Debris 

10 

Gutter  Overflow 

4 

TOTAL  EVENTS 

398 
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Of  the  reported  problems,  the  occurrence  by  type  of  drainage  system 
is  as  follows: 

Open  Channel  (include  natural 
streams,  ditches,  channels,  etc.)  245 


Combined  Sewers  39 
Storm  Drains  64 
Curb  and  Gutter  Systems  6 
Others  11 
Overland  Flow  1^ 

TOTAL  366* 


* This  differs  from  the  total  problems  reported  because  in  some  cases,  more 
than  one  type  of  problem  occurred  at  the  same  location. 

The  total  number  of  problems  is  rather  small  by  comparison  to  the 
Study  Area,  but  are  considered  typical.  Review  of  the  reported  problems 
seems  to  indicate  that  the  major  problems  occur  in  open  channel  conveyance 
systems.  Mostly  problems  occur  in  natural  creeks  or  creeks  that  have  been 
altered  or  impacted  by  urban  runoff.  Problems  cited  above  are  normally  very 
short-lived,  less  than  a few  days. 

Generalized  findings  are: 

1)  Existing  storm  sewers  were  found  to  be  adequate  except  in  those 
instances  where  the  land  use  was  not  realistically  projected  at  the  time  the 
storm  sewers  were  designed. 

2)  Most  storm  sewers  outfall  directly  to  a natural  channel,  regardless 
of  the  channel's  capacity  or  sensitivity  to  increased  flows. 

3)  Many  roadside  ditches  have  12-inch  diameter  culverts  at  driveways; 
flow  capacity  is  not  considered.  Usually,  the  property  owner  or  developer 
installs  the  smallest  culvert  as  per  local-agency  regulations. 

4)  Many  roadside  ditches  are  at  grades  too  steep  to  control  erosion 
of  native  soil,  thereby  causing  erosion  and  eventual  sedimentation. 

5)  The  number  of  reported  problems  by  area  are  believed  to  be  an 
indication  of  public  concern  and  awareness,  not  the  magnitude  of  problems. 

The  reported  monetary  damages  obtained  from  local  agencies  are  also 
listed  in  Table  3.  These  amounts  represent  damages  from  storm  events  that 
occurred  during  the  years  1972  and  1973.  During  March,  1972,  a storm  with  a 
recurrence  interval  of  approximately  25  years  occurred  and  caused  roughly 
90  percent  of  the  reported  damages  for  this  two-year  period. 

The  total  reported  damage  amount  of  $1,506,300  probably  encompasses 
only  a small  portion  of  the  actual  damages,  as  considerable  damage  was  not 
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estimated  or  reported.  This  amount,  therefore,  should  be  considered  a 
IcKver  limit  for  any  two-year  period. 

Within  each  of  the  demonstration  areas,  estimates  were  made  of  the 
annual  damage  from  floods  and  drainage  waters  under  existing  land-use  and 
drainage-system  conditions.  This  information  is  presented  in  Table  4.  Agri- 
cultural inundation  damage  was  estimated  to  be  $25  per  acre  per  year  for  crop 
and  pasture  lands.  All  other  damages  were  either  from  reported  amounts,  nr 
from  estimates  based  upon  1973  cost  levels. 

Because  of  a lack  of  data,  it  was  not  possible  to  define  the  extent 
of  flood  plain  lands  within  each  demonstration  area.  Therefore,  for  com- 
parison purposes,  damages  per  square  mile  of  total  watershed  area  are  pre- 
sented instead  of  the  more  conventional  method  of  relating  damages  to  only 
those  lands  within  flood  plains.  The  annual  direct  and  indirect  damages 
per  square  mile  are  indicated  in  Table  4,  and  totals  ranged  from  a low  of 
$1,200  for  Kelsey  Creek  to  $4,600  for  Miller  Creek.  The  average  per  square 
mile  for  all  five  demonstration  areas  was  $2,700. 

The  demonstration  areas  represent  a composite  of  the  types  of  land- 
use  and  development  conditions  found  throughout  the  Study  Area.  The  average 
annual  damages  provide  another  rough  estimate  of  total  annual  damages  that 
are  experienced  with  the  existing  developed  and  partially  developed  urban/ 
suburban  lands  of  the  Urban  Runoff  and  Basin  Drainage  Study  Area. 

Total  Annual  Damages:  730.5  sq.  miles  x $2,700/sq.  mi.  = $2,000,000 

Ihe  figure  of  $2,000,000  per  year  is  an  estimate.  The  almost  total 
lack  of  accurate  data,  and  the  enormous  time  and  cost  efforts  of  flood 
hazard  appraisals  make  further  refinement  impractical  at  this  time. 

In  addition  to  problems  which  have  affected  individual  property 
owners,  a whole  series  of  problems  plague  the  natural  stream  system. 

Most  notable  among  these  are: 

1.  Loss  of  fisheries:  This  is  due  to  a combination  of  urbanization- 

induced  factors;  siltation  of  spawning  beds;  intolerable  increases  in  water 
temperature  and  decreases  in  dissolved  oxygen  content  from  vegetation  re- 
moval; low  flows  which  impede  fish  passage  and  reduce  water  quality  (attri- 
butable to  filling  in  of  wetlands  and  paving  over  of  natural  ground  surfaces); 
and  construction  and  placement  of  culverts,  fences,  wiers,  etc.,  which  do  not 
allow  fish  passage. 
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TABLE  4 

ANNUAL  DAMAGE  FROM  FLOODS  A,|U  DRAINAGE  WATERS 
(Existing  Conditions) 
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2.  Loss  of  wetlands:  As  economic  ,)ressures  build  within  urbanizing 

areas,  wetlands,  w(>ich  were  previously  considered  unbuildable  because  of 
excessive  construction  costs,  are  developed.  The  high  construction  costs 
are  offset  by  potentials  of  economic  gain  which  the  wetlands  offer  as  the 
last  undeveloped  properties  within  the  urbanizing  areas.  When  the  wetlands 
are  drained  or  filled,  their  water  retention  and  purification  function  is 
destroyed.  The  watercourse  must  then  endure  highly  variable  silt  and  pollu- 
tion-laden runoff  volumes  unaided. 

3.  Degradation  of  water  quality:  Water  quality  problems  occur  in 

two  general  areas:  (1)  As  streamside  vegetation  is  removed,  an  increase  in 

water  temperature  and  decrease  in  dissolved  oxygen  content  is  experienced. 
(2)  Pollution  loads  carried  by  streams  during  and  after  storms  can  be  of 
short-term  duration  but  of  long-term  consequence.  Parking  lot  and  roadway 
runoff  (high  in  hydrocarbon  and  heavy  metal  pollution),  runoff  from  ferti- 
lized lawns,  and  silt  laden  runoff  from  unprotected  construction  sites,  all 
enter  tne  streams  during  storms.  Depending  upon  the  severity  or  frequewby^, 
the  introduction  of  these  pollutants  can  have  a devastating  effect  on  the  ' 
aquatic  biota  and  dependent  terrestrial  fauna. 

4.  Loss  of  stream  aesthetics:  It  is  difficult  to  assign  a dollar 

cost  to  the  aesthetic  value  and  enjoyment  provided  by  a natural  stream, 

and  yet,  pleasant  moments  have  been  provided  to  ■‘hose  people  who  have  exper- 
ienced the  beauty  of  a rushing  stream  or  the  peaceful  solitude  of  an  upland 
marsh.  These  natural  benefits  disappear  when  streams  are  placed  in  conduit 
or  cease  to  flow  because  a wetland  area  has  been  drained  and  filled  over  for 
a new  housing  development.  Unfortunately,  this  type  of  loss  occurs  contin- 
ually on  the  streams  within  the  Study  Area. 

FUTURE  PROBLEMS 


The  drainage  problems  that  exist  today  begin  to  establish  the  pattern 
and  format  for  problems  that  can  be  expected  in  the  future.  Unless  remedial 
measures  are  taken,  future  drainage  problems  will  tend  to  build  upon  and 
intensify  drainage  problems  that  now  exist.  And,  in  all  likelihood,  new 
problem  areas  will  be  created  which  do  not  exist  at  this  time. 

In  order  to  help  identify  the  magnitude  and  probable  location  of 
future  problems,  the  present  drainage  system  has  been  analyzed  with  the  aid 
of  the  computer  models  under  runoff  conditions  from  projected  future  land  use. 
This  has  resulted  in  a definition  of  areas  where  the  present  system  will  be 
If  inadequate  for  future  land-u  e runoff  conditions. 

The  general  pattern  which  occurs  begins  with  upstream  development  that 
does  not  have  adequate  runoff  control.  This  leads  to  an  overtaxing  of  down- 
stream facilities  which  may  be  characterized  by  flooding,  an  accelerated 
erosion  rate,  sediment  deposits  on  stream  beds,  and  the  formation  of  offshore 
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deltas.  Many  of  these  problems  can  then  be  transmitted  further  downstream 
in  an  attempt  to  correct  them  at  the  initial  place  of  occurrence.  Rip- 
rapping, dredging,  diking,  and  channel  realignment  are  typical  of  "correc- 
tive" measures  which,  in  fact,  transmit  a problem  further  dovmstream. 

One  way  to  gain  an  easy  understanding  of  what  might  happen  to  a stream 
system  is  to  make  a comparison  between  a sub-basin  which  has  experienced  con- 
siderable development  (in  excess  of  15%  impervious  surface)  and  one  which 
has  experienced  little  development  (5%  impervious  or  less).  The  sub-basin 
which  has  little  development  usually  will  contain  few  man-made  structures 
(culverts,  retaining  walls,  etc.)  within  the  stream  and  display  few  signs  of 
erosion,  siltation  or  past  flooding.  Conversely,  the  sub-basin  which  has  a 
higher  degree  of  development  often  will  contain  numerous  control  features 
including  rip-rapped  or  concrete  sided  channels,  stream  sections  completely 
enclosed  in  conduit,  check  dams,  etc.  and  show  definite  signs  of  erosion  and 
siltation.  If  the  undeveloped  sub-basin  begins  to  develop  without  special 
runoff  controls,  the  probability  is  quite  high  that  it,  too,  will  eventually 
require  control  devices  and  begin  the  gradual  process  of  deterioration. 

The  following  listing  presents  regional  sub-basins  and  demonstration 
areas  by  the  severity  of  drainage  problems  that  are  likely  to  occur  by  the 
year  2000  if  corrective  measures  are  not  taken.  Group  One  is  for  those 
basins  currently  experiencing  severe  drainage  problems  and  in  which  an  in- 
tensification of  problems  can  be  expected;  Group  Two  for  those  that  orob- 
ably  will  experience  severe  damage  by  the  year  2000;  and  Group  Three  for 
tnose  expected  to  have  less  severe  drainage  problems  by  the  year  2000. 

GROUP  ONE 


Black  River 

Miller  Creek  Demonstration  Area 
Middle  Puget  Sound 
Duwamish  Estuary 
Lower  Green  River* 

Lake  Washington  East 

Kelsey  Creek  Demonstration  Area 


Mercer  Slough* 

Thornton  Creek  Demonstration  Area 
Thornton  Creek* 

McAleer  Creek 
Lyon  Creek 
Juanita  Creek 
TWO 


Lake  Sammamish 

North  Creek  Mill  Creek  Demonstration  Area 


See  footnote  page  15 
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Swamp  Creek 

Lake  Washington  West 


Upper  Puget  Sound 
Lower  Puget  Sound* 


GROUP  THREE 


Lower  Cedar  River 
Issaquah  Creek 
Evans  Creek 
Bear  Creek 
Sammamish  River 


Coal  Creek 

May  Creek  Demonstration  Area 
Newaukum  Creek 
Big  Soos  Creek 
Middle  Green  River 


*Regional  sub-basins  do  not  include  the  demonstration  areas  located  therein. 

The  loss  of  additional  fisheries  resource  and  stream  aesthetics  can 
be  expected  if  existing  trends  continue.  Also,  the  educational  value  of 
the  natural  stream  ecosystems  will  be  lost  or  further  removed  from  those 
who  wish  to  make  use  of  them.  Economic  costs  to  the  community  to  accommo- 
date runoff  from  projected  future  growth  must  be  weighed  against  any  poten- 
tial economic  gains  the  growth  itself  may  bring.  If  citizens  agree  to  spend 
a portion  of  available  revenue,  the  use  of  the  money  (i.e.  schools  vs.  police 
vs,  roads  vs.  drainage,  etc.)  must  be  made  judiciously  because  the  correction 
of  a problem  in  one  area  may  lead  to  the  worsening  of  a problem  in  another 
area. 


The  last  major  area  for  which  future  problems  can  be  anticipated  is 
with  water  quality.  A gradual  degradation  of  water  quality  can  be  expected 
running  parallel  to  the  pace  of  urbanization.  Pronounced  changes  probably 
would  not  occur  over  the  short-run,  but  can  be  expected  to  ultimately  elimi- 
nate fish  productivity  and  lower  water  quality  in  those  sub-basins  where 
significant  growth  is  projected  to  occur. 
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ALTERNATIVE  DRAINAGE  PLANS 

INTRODUCTION 

The  alternative  drainage  plans,  described  in  this  section,  repre- 
sent reasoned  approaches  for  each  of  the  regional  sub-basins  and  demonstra- 
tion areas.  They  report  the  existing  and  projected  land-use  and  drainage 

situation  and  they  reflect  a consideration  for  what  is  possible,  feasible 

and  desirable  in  view  of  the  general  goal  to  obtain  the  greatest  benefits 

to  the  conmunity  and  its  environment.  The  alternative  plans  are  not  intend- 
ed to  be  final  plans  for  the  design  of  specific  physical  facilities,  but 
they  are  based  upon  an  accumulation  and  integration  of  facts  that  are  neces- 
sary prerequisites  for  design  and  implementation,  including  community  action. 

Plan  development  processes  from  which  the  alternatives  are  derived 
are  explained  in  more  detail  in  the  Technical  Report. 

LAND-USE  PROJECTIONS 


The  alternative  drainage  plans  have  been  developed  to  provide  methods 
for  acconinodating  runoff  from  land  under  use  conditions  projected  for  the 
year  2000.  Each  of  the  regional  sub-basins  and  demonstration-area  projections 
were  based  upon  common  methodology  for  population,  economic  and  land-use 
allocation  forecasting,  and  are  consistent  with  forecasts  used  for  other 
RIBCO  studies.  These  land-use  forecasts  were  provided  by  the  Puget  Sound 
Governmental  Conference  (PSGC)  on  the  basis  of  census  tracts  through  the  use 
of  an  Activity  Allocation  Model  (AAM)  which  distributes  region-wide  forecasts 
of  population  and  economic  activity  to  a number  of  small  districts.  The  AAM 
output  was  not  directly  usable  for  the  Urban  Runoff  and  Basin  Drainage  Study 
because  the  reported  districts  were  not  based  upon  drainage  sub-basins.  Local 
Planning  Agencies  reworked  the  land-use  projections  provided  by  the  AAM  to 
conform  with  sub-basin  boundaries. 

The  land-use  projections  for  the  year  2000  were  prepared  for  two  alter- 
native growth  concepts,  designated  as  the  Comprehensive  Plan  and  the  Corridor 
Plan.  The  PSGC  defines  these  concepts  as  follows: 

Comprehensive  Plan 

This  concept  assumes  continuation  of  the  past  decade's  growth  trends 
and  development  policies,  but  with  some  accommodation  for  plans  to  reach  land- 
use  goals  in  an  orderly  manner.  Major  features  include: 

1.  Acquisition  of  open  space  as  demands  rise  and  finances  permit,  but 
with  acquisition  concentrated  in  the  urban  area  for  specific  purposes,  rather 
than  as  dictated  by  natural  factors  that  bear  upon  construction  costs; 

2.  Location  of  new  employment  in  new  centers  only  when  it  cannot  be 
accomnodated  by  existing  centers,  and  then  with  regard  to  plans  for  transporta- 
tion (including  high-speed  mass  transit)  and  residential  development;  and 
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3.  Location  of  residential  development  relative  to  existing  service 
centers  instead  of  encouraging  the  establ isiiment  of  new,  automobile-dependent 
satellite  conmunities  that  result  from  real  estate  speculation  and  promotion. 

Cor>"idor  Plan 

This  concept  assures  that  new  development  will  be  concentrated  in 
corridors  radiating  outward  from  larger  cities  along  major  transportation 
lines.  Open  space  separates  the  corridors.  The  concept  calls  for: 

1.  Conservation  of  land  based  upon  suitability  analysis  of  natural 
factors; 


Location  of  new  employment  activities  along  transportation  develop- 
ment routes  (including  a high-speed  mass  transit  system);  ajid 

3.  Development  of  residential  units  within  existing  residential  areas 
with  high-density  around  transit  terminals  and  central  business  districts. 


Land  use  was  designated  in  the 

- Single  Family 
Residential 

- Multi-Family  and 
Other  Residential 

- Commercial  Services 


- Government/Education/ 
Institutions 

- Industrial 

Existing  and  future  land-use  pi 
on  Figures  9 through  11. 


lowing  categories: 

- Parks  and  Dedicated  Open 
Spaces 

- Agriculture 

- Special:  Airports, 

Railyards,  Freeways, 

Highways 

- Unused  Land 

- Water 

are  shown  in  the  Technical  Report 


Analysis  of  runoff  characteristics  from  either  development  concept 
produced  little  or  no  substantive  change  in  the  required  drainage  system 
except  in  a few  isolated  instances. 


Storms  that  have  iJ-year  recurrence  intervals  have  been  used  to  determine 
the  type  of  problems  that  would  be  encountered  by  the  existing  drainage  systems 
of  each  regional  sub-basin  under  future  land-use  projections. 

FQRMULATIOI>l 


The  procedure  for  developing  alternative  drainage  plans  began  with 
a field  inspection  of  each  regional  sub-basin,  and  particularly  the  drain- 
age systems. 
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wbs [.ructions  to  flow  in  cnannels  were  located,  as  were  flooded  areas  and 
other  drainage  problems.  With  the  field  information,  the  reported  drainage 
problems,  and  citizen  preferences  in  mind,  drainage-system  modi fications  were 
formulated  and  several  alternative  approaches  were  developed.  Considering 
agency  and  citizen  review  comments,  two  alternatives  were  selected  for 
further  study. 

Once  the  two  alternative  plans  were  scoped,  potential  modifications  to 
the  existing  drainage  system  were  listed.  These  modifications  were  then 
entered  as  input  to  the  computer  models  and  simulation  runs  were  made.  The 
results  of  this  first  simulation  identified  those  elements  of  the  system 
that  were  not  correctly  sized  to  accommodate  the  runoff  expected  under  the  year 
2000  land  use. 

In  the  case  of  the  alternative  tending  toward  a non-structural  approach, 
additional  runoff  controls  or  flood-plain  zoning  modifications  were  identified. 
In  the  alternative  more  closely  related  to  a structural  approach,  it  was  often 
found  that  increasing  the  capacity  of  the  conveyance  system  in  the  upstream 
portion  of  the  sub-basin  created  a new  flooding  problem  in  the  downstream 
reaches  of  the  drainage  system. 

With  an  evaluation  of  the  i-esults  of  the  first  simulation,  additional 
runoff  controls,  holding  ponds,  enlarged  conveyance  facilities,  and  otner 
adjustments  were  proposed  and  a second  computer  simulation  run  was  made.  If 
the  results  of  this  second  simulation  indicated  that  all  problems  from  the 
previous  simulation  were  eliminated,  no  further  computer  runs  were  made. 
However,  if  problems  did  remain  the  process  was  repeated  until  they  were 
solved. 


Combinations  of  various  elements  from  each  of  the  three  general 
drainage  concepts  were  utilized  in  every  sub-basin  and  demonstration  area. 
Flood-plain  zoning  was  appropriate  at  the  farthest  downstream  reaches  of 
several  streams  due  to  the  physical  features  of  the  sub-basin.  These  flood- 
plain  zones  can  be  in  the  form  of  a flood  plain  available  to  the  stream  as 
in  nature,  or  an  artificial  flood  plain  adjacent  to  the  natural  stream  so 
that  the  area  is  available  to  the  public  for  use  at  times  when  the  artifi- 
cial flood  plain  is  not  needed  to  accommodate  peak  rates  of  flow. 

Runoff  controls  were  considered  in  those  sub-basins  where  a substantial 
portion  of  the  land  is  projected  to  change  from  undeveloped  to  developed  by  the 
year  2000.  For  those  sub-basins  where  little  urban  growth  can  take  place  due 
to  the  present  high  level  of  urban  development,  runoff  controls  were  considered 
inappropriate. 

Holding  pond  sites  are  available  in  almost  all  of  the  sub-basins, 
and  the  use  of  holding  ponds  proved  to  be  beneficial  in  simulation  through- 
out the  Study  Area.  Wetlands  and  bogs  also  can  be  utilized  in  most  of  the 
sub-basins  as  runoff  storage  areas. 

Bypass  pipelines  parallel  to  natural  channels  have  application  in  areas 
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where  the  natural  stream  can  no  longer  accommodate  large  flows.  These  pipe- 
lines, or  diversions,  will  take  only  peak  rates  of  flow,  leaving  low  and 
natural  flows  in  the  stream. 

Each  alternative  drainage  plan  developed  by  the  URBD  Study  utilizes 
a combination  of  drainage  concepts.  However,  one  alternative  was  developed 
to  rely  more  heavily  upon  constructed  facilities,  whereas  the  other  placed 
a greater  emphasis  upon  runoff  control  and  the  preservation  of  the  natural 
drainage  system. 

The  alternative  plans  were  developed  to  provide  methods  for  accom- 
modating without  flooding  the  storm  runoff  resulting  from  a rainfall  with 
a 10-year  recurrence  interval. 

In  many  sub-basins,  existing  flew  restrictions,  such  as  undersized 
and  blocked  culverts  and  channels,  presently  cause  flooding  and  results  in 
moderated  peak  flows.  When  these  restrictions  are  removed  as  part  of  an 
alternative  plan,  the  flooding  is  alleviated  but  the  peak  flow  rates  are 
increased  due  to  the  entry  of  additional  waters  to  be  conveyed  by  the  im- 
proved drainage  system.  This  increase  peak-flow  condition  occurs  in  at 
least  one  alternative  plan  for  almost  all  sub-basins. 

For  each  alternative  plan,  the  water  quality  concentrations  at  peak 
flows  are  presented  for  five  constituents  on  the  basis  of  runoff  resulting 
from  a 10-year  storm.  These  concentrations  were  simulated  by  the  computer 
models  and  represent  conditions  that  would  exist  when  a 10-year  storm  was 
preceded  by  five  days  with  little  or  no  rainfall. 

EVALUATION 

Each  alternative  drainage  plan  was  field  checked  by  a two-man  assess- 
ment team  to  determine  if  the  proposed  plan  was  environmentally  and  socially 
sound.  An  evaluation  matrix  containing  34  separate  elements,  which  were  grouped 
into  the  following  five  general  categories,  was  used  by  the  assessment  team 
and  was  filled  out  in  the  field: 

1.  Effectiveness  - considers  system's  (alternative  plan)  ability  to 
handle  runoff. 

2.  Human  Values  - considers  human  uses  and  impacts  of  the  systems. 

3.  Environmental  Factors  - considers  system's  natural  environmental 
benefits  and  impacts. 

4.  Implementation  - considers  program  mechanisms  to  accomplish  the 
alternative. 

5.  Resource  Requirements  - considers  expended  or  committed  resources 
necessary  to  physically  realize  the  alternative. 
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Relative  weights  from  one  to  four  were  assigned  to  each  element 
indicated  on  the  evaluation  matrix,  because  each  element  did  not  repre- 
sent equal  benefits  or  impacts. 

The  evaluation  of  each  element,  as  it  applies  to  the  various  drain- 
age alternative  plans,  was  done  on  the  basis  of  a positive,  negative,  or 
neutral  rating.  Positive  (+1)  indicates  that  the  alternative  has  a bene- 
ficial (least  negative)  impact  on  the  element  being  rated.  Negative  (-1) 
indicates  that  the  alternative  has  a non-beneficial  (most  negative)  impact 
upon  the  element.  Neutral  (0)  indicates  that  the  alternative  does  not  sig- 
nificantly affect  the  element.  The  sum  of  the  34  weighted  elements  when 
all  receive  a positive  rating  is  plus  108,  and  when  the  elements  all  receive 
a negative  rating, the  sum  is  a minus  108. 

The  total  score  assigned  to  each  alternative  should  be  considered  a 
guideline  only  and  must  be  tailored  by  local  decision  makers  and  their 
staffs  to  reflect  subsequent  changes  in  data,  conditions  and  values.  Table 
5 contains  the  ratings  for  each  of  the  alternative  drainage  plans  developed 
for  the  27  regional  sub-basins  and  five  demonstration  areas. 

These  evaluation  ratings  to  be  meaningful  must  be  related  to  the 
descriptions  and  alternative  drainage  plans  for  each  regional  sub-basin. 
Although  these  ratings  provide  a general  guide  to  the  overall  acceptability 
of  an  alternative,  the  real  value  of  the  evaluation  process  has  been  the 
opportunity  it  provided  for  continuous  evaluation  during  the  planning  pro- 
cess itself. 

Existing  Conditions 

An  existing-conditions  rating  has  been  shown  for  each  sub-basin  in 
an  attempt  to  give  an  overview  of  the  relative  condition  of  the  natural 
drainage  systems.  This  rating,  while  using  the  same  range  of  values  as  the 
alternative  matrix,  is  not  based  upon  the  numerous  factors  used  for  alter- 
native plan  evaluation  and  therefore  should  only  be  considered  a general- 
ized rating  when  compared  to  ratings  for  alternative  plans.  The  rating  is 
entirely  subjective  but  was  accomplished  after  field  checking  each  drainage 
system. 


Hign  scores  were  assigned  to  streams  such  as  Newauxum  and  Big  Soos 
because  of  the  relative  absence  of  man-made  drainage  facilities  or  encroach- 
ments. Ratings  in  the  neutral  range  (-27  to  +27)  indicate  strong  influence 
upon  the  stream  system  by  man-made  drainage  facilities  or  development. 
Streams  in  this  range  are  in  a critical  condition  and  require  immediate 
attention  if  they  are  to  continue  as  positive  elements  of  the  drainage  sys- 
tem, while  at  the  same  time  remaining  environmentally  stable.  Thornton 
Creek,  Lyon  Creek,  Mill  Creek,  and  Kelsey  Creek  all  fall  into  this  range. 
Ratings  below  -27  indicate  that  little  of  the  natural  stream  system  remains 
or  that  extensive  modification  has  been  made.  McAleer  Creek  and  the  Black 
River  represent  streams  in  this  latter  category. 
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The  evaluation  ratings  applied  to  the  alternative  drainage  plans 
indicate  how  tne  stream  would  be  influenced  by  tne  various  features  of  the 
plan.  A stream  which  already  has  experienced  impacts  from  urbanization 
presents  a more  difficult  problem  to  solve  with  regard  to  the  development 
of  drainage  plans,  and  is  often  reflected  in  a lower  score  for  tne  alter- 
natives considered.  Conversel/,  a stream  such  as  .Tewaul«um  Creek  is  still 
far  enough  ahead  of  the  impacts  of  urbanization  that  solutions  to  control 
runoff  cover  a wide  range  of  choices  amongst  which  usually  exists  environ- 
mentally sensitive  alternatives.  The  resultant  alternative  ratings  are 
therefore  generally  higher  than  the  alternatives  in  sub-basins  where  ur- 
banization nas  already  occurred,  but  lower  than  existing  conditions  due  to 
the  fact  that  substantial  urbanization  is  projected  for  tne  next  25  years. 

Evaluations  were  not  made  for  tne  condition  of  no  additional  drainage 
improvements  with  continued  urbanization.  However,  with  that  condition,  the 
evaluation  ratings  for  the  year  2000  land  use  would  be  much  lower  than  the 
ratings  of  the  alternatives  presented  in  Table  5. 

The  range  of  values  in  the  rating  for  a given  alternative  plan  re- 
flects the  severity  or  sensitivity  of  the  solution  needed  to  control  runoff. 
As  an  example,  where  the  plan  suggests  the  channel ization  (channel  is 
regraded  and  realined  with  new  side  slopes,  and  possibly  a change  in  depth 
and  widtn)  of  a stream,  it  must  be  assumed  that  at  least  tor  the  short  term, 
and  possibly  for  the  long  term,  much  natural  stream-side  vegetation  would  be 
eliminated,  aquatic  habitats  would  be  damaged,  wildlife  habitats  would  be 
reduced,  water  quality  would  be  impacted,  and  stream  aesthetics  would  be 
irreversibly  lost.  Additionally,  cost  of  channelization  is  relatively 
high  when  compared  to  other  less  structural  controls  such  as  ground  water 
recharge  and  flood-plain  zoning. 

Channelization  may  allow  greater  land  utilization  by  providing  a more 
convenient  stream  alignment  and  a greater  channel  capacity  to  prevent  over- 
topping, but  this  comes  at  the  expense  of  an  open  greenway  and  the  loss  of  a 
natural  outdoor  laboratory.  Channelization  to  meet  ever-increasing  runoff 
from  new  impervious  surfaces  accomplishes  little  in  promoting  around  water 
recharge  and  may  result  in  unacceptable  low-flow  conditions. 

An  example  of  how  a higher  rating  could  oe  obtained  would  best  be 
represented  by  an  alternative  plan  utilizing  runoff  control.  Runoff  control 
envisions  either  storage  (detention)  or  recharge  (where  soil  types  permit) 
of  peak  flows  to  allow  the  natural  stream  systeiw  to  continue  functioning 
without  incurring  erosion  and  overtopping.  Utilizing  runoff  control,  stream- 
side  vegetation,  aquatic  habitats,  and  wildlife  habitats  can  continue  to 
exist  undisturbed.  Water  quality  is  enhanced  through  filtering  or  settling 
of  sediments  and  general  stream  aesthetics  remain  unspoiled.  Even  as  new 
impervious  surfaces  are  developed,  stream  flows  can  remain  fairly  constant. 
Low  flows  are  enhanced  by  water  which  has  been  introduced  into  the  ground 
or  released  from  detention  sites.  The  cost  of  runoff  control  is  usually 
less  than  the  cost  for  those  solutions  involving  extensive  structural  work. 


TPi-.. 
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TABLE  5 


EVALUATION  RATINGS 

Regional  Sub-Basins  (excludes  Uemon strati  on  Areas) 

Year  2000  Conditions 


Existing 

Alt. 

Alt. 

Alt, 

Regional  bub-oasin 

Conditions 

I 

il 

III 

C-2 

Lower  Cedar  River 

+28 

to 

+ 

54 

- 9 

+28 

+ 18 

C-3 

Issaguah  Creek 

+28 

to 

+ 

54 

+ 14 

+ 14 

C-4 

Lake  Sammamisn 

0 

to 

+ 

27 

-25 

+28 

C-5 

Lvans  Creek 

+83 

to 

+ 108 

+41 

+53 

C-o 

Bear  Creek 

+55 

to 

+ 

82 

+ 10  a. 

+23  a. 

+ 19  b. 

+32  b. 

C-7 

North  Creek 

0 

to 

+ 

27 

-40 

+ 6 

C-8 

Swamp  Creek 

0 

to 

+ 

27 

-34  a. 

+ 3 a. 

-34  b. 

+ 3 b. 

C-:) 

Sammamisn  River 

+55 

to 

+ 

82 

+39 

+64 

C-10 

Juanita  Creek 

J 

to 

+ 

27 

- 2 

+50 

C-11 

Lyon  Creek 

-27 

to 

0 

-36 

+ 8 

+ 11 

C-12 

McAleer  Creek 

-54 

to 

- 

28 

-47  a. 

+ 14  a. 

-47  b. 

+14  b. 

C-13 

Thornton  Creek 

-27 

to 

0 

-26 

- 4 

+24 

C-14 

T'ercer  Slough 

-27 

to 

0 

-35 

+54 

C-15 

Coal  Creek 

+55 

to 

+ 

82 

+ 16 

+63 

C-16 

May  Creek 

+55 

to 

+ 

82 

-14 

+32 

C-17 

Lake  Washington  East 

-54 

to 

- 

28 

-15 

+12 

C-18 

Lake  Union 

- 

- 

- 

C-19 

Lake  Washington  West 

0 

to 

+ 

27 

-15 

+ 4 

G-2 

Newaukum  Creek 

+83 

to 

+ 108 

-26 

+73 

G-3 

Big  Soos  Creek 

+83 

to 

+108 

+ 6 

+74 

G-4 

Middle  Green  River 

+83 

to 

+108 

+24 

+ 75 

G-5 

Lower  Green  River 

-82 

to 

- 

55 

-49 

-37 

G-6 

BlacK  River 

-82 

to 

- 

55 

-51 

-28 

G-7 

Duwamish  Estuary 

-54 

to 

- 

28 

- 4 a. 

0 a. 

- 4 b. 

- 

P-1 

Upper  Puget  Sound 

0 

to 

+ 

27 

-22 

- 2 

P-2 

Middle  Puget  Sound 

-27 

to 

0 

-21 

+ 8 

P-3 

Lower  Puget  Sound 

0 

to 

+ 

27 

- 2 

+ 4 

Located  Within 

Demonstration  Areas 

C-13  Thornton  Creek  Demo 

-27 

to 

0 

-31 

-35 

+ 16 

C-14  Kelsey  Creek  Uenio 

-27 

to 

0 

-32 

+67 

G-5 

Mi  1 1 Creek  Demo 

0 

to 

+ 

27 

-47 

+ 9 

-30 

P-3 

Mi  1 ler  Creek  Demo 

-27 

to 

0 

-12 

-14 

+ 8 

— May  Creek  Uenio  (See  C-16  above  as  Demonstration  Area  encompasses  entire 

regional  sub-oasin) 

a.  Comprehensive  Land  Use  Plan 

b.  Corridor  Land  Use  Plan 
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siicn  as  channelization  or  conduits. 

Other  factors  which  influence  the  rating  of  an  alternative  are  less 
dependent  upon  the  type  of  solution  being  considered  and  more  dependent  upon 
the  jurisdictional,  economic,  and  legal  framework  within  which  the  stream 
system  exists  and  therefore  tend  to  be  more  equal  for  various  alternatives 
considered. 

The  five  demonstration  areas,  Thornton  Creek,  Kelsey  Creek,  May  Creek, 
Mill  Creek  and  Miller  Creek,  each  represent  different  natural  conditions, 
different  levels  of  human  encroachment  and  obviously  different  problem/ 
solution  relationships.  The  process  for  evaluation  was  the  same  as  that  used 
for  the  other  sub-basins  although  the  detail  of  the  alternative  plans  was 
greater  and  the  solutions  somewhat  more  intricate. 

The  preferred  alternative  for  each  of  the  demonstration  areas  regis- 
tered a positive  rating  while  only  May  Creek  and  Mill  Creek  had  been  con- 
sidered as  having  a positive  natural  existing  condition.  This  indicates 
that  solutions  to  drainage  problems,  in  these  areas,  can  have  a positive 
effect.  The  greater  detail  of  study  in  the  demonstration  areas  resulted  in 
a sonewhat  more  tailored  solution  and  may  have  been  reflected  in  higher 
scores  for  the  preferred  alternatives. 
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COSTS 


Capital  Costs 

The  estimated  capital  expenditures  needed  to  accomplish  the  alter- 
native plans  for  the  various  regional  sub-basins  are  shown  in  Table  6. 

These  costs  are  based  upon  actual  construction  costs  in  the  Seattle  area 
for  June,  1973,  and  represent  an  Engineering  New  Record  construction  cost 
index  of  1760.  The  costs  included  50  percent  for  contractor  profit,  en- 
gineering, legal  and  contingencies.  In  addition,  land  costs,  at  1973 
prices,  are  included  plus  50  percent  for  severance  and  acquisition.  A 
detailed  listing  of  unit  prices  is  presented  in  Appendix  B. 

The  total  of  the  highest  cost  alternatives  for  each  of  the  regional 
sub-basins  is  $102,109,000  based  upon  the  Comprehensive  land-use  plan.  The 
total  drops  to  $98,400,000  for  the  Corridor  land-use  plan.  Totals  for  the 
lowest-cost  alternative  for  the  comprehensive  and  corridor  land-use  plans 
were  $67,500,000  and  $66,800,000,  respectively.  Unit  cost  per  square  mile 
based  upon  686.4  sq.  miles,  requiring  separate  drainage  improvements,  for 
highest  and  lowest  cost  plans  amount  to  $149,000  and  $97,000,  respectively. 

For  the  demonstration  areas,  the  unit  costs  range  from  $123,000  to 
$46,000  per  square  mile  for  May  Creek  to  $775,000  to  $528,000  per  square 
mile  for  Miller  Creek.  These  values  reflect  the  impact  of  urbanization 
upon  storm  drainage  costs  as  May  Creek  is  relatively  undeveloped  and 
Miller  Creek  is  nearing  complete  development. 

In  all  cases,  the  estimated  capital  costs  are  for  trunk  drainage 
systems  only  (accommodating  20-30  cfs).  Depending  upon  the  configuration 
and  use  of  the  land  surface,  the  smallest  element  of  a trunk  drainage  sys- 
tem would  serve  a watershed  of  roughly  30  to  100  acres. 

The  costs  for  building  and  house  drains,  storm  water  inlets,  col- 
lector pipes,  ditches,  and  laterals  would  vary  from  approximately  $300  per 
acre  for  low  density  residential  to  $5,000  per  acre  for  conventional  storm 
sewer  pipe  systems  in  commercial  areas,  and  would  be  in  addition  to  the 
cost  of  the  trunk  drainage  system. 

Operation  and  Maintenance  Costs 

All  of  the  drainage  systems  set  forth  in  the  alternative  plans  must 
be  operated  and  maintained.  The  operation  and  maintenance  for  each  system 
within  the  regional  sub-basin  and  demonstration  areas  is  estimated  to  cost 
annually  one  percent  (1%)  of  the  capital  cost  of  the  alternative  drainage 
plan.  Included  in  the  cost  are  all  personnel,  equipment,  supplies,  and 
administration  and  general  expenses  necessary  to  operate  and  maintain 
channels  and  pipes,  such  as  the  removal  of  debris  and  sediment,  unclogging 
of  culverts,  and  vegetation  and  erosion  control. 

This  one  percent  annual  cost  would  be  in  addition  to  the  annual  costs 
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ESTIMATED  CAPITAL  COSTS 
OF  ALTERNATIVE  DRAINAGE  PLANS 

TABLE  6 

REGIONAL  SUB  BASINS  <1 


Drainuqe  Area 


Regional  Sub  Basin 

(Sq  MilesI  b. 

Alternative  1 

Alternative  II 

Alternative  III  Alternative  IV 

C 2 

Lower  t'edai  Rivei 

72 

S 800.000 

S 1,100,000 

s 

1 ,800,000 

C 3 

Ks.i(judh  Creek 

58 

500,000 

500,000 

CA 

Lake  Sammamistr 

35 

2,200,000 

1.700,000 

C 5 

Evans  Creek 

49 

1 ,700,000 

900,000 

C6 

Hear  Creek 

17 

2,000,000  c. 

1,600,000  c 

1,100,000  cl 

700,000  d 

C / 

North  Creek 

29 

9,100,000 

2,900,000 

C 8 

Swamp  Creek 

24 

10,600,000  c 

5,200,000  c. 

8,200,000  cl 

5,200,000  d 

C9 

Sammamish  F^iver 

26 

900,000 

700,000 

C 10 

Juariila  Creek 

7 

1 ,900,000 

1 ,800,000 

C 1 1 

Lyon  Cr»;ek 

3 8 

400,000 

600,000 

400,000 

C 12 

McAleer  Creek 

8 

3,200,000  c 

1,700,000  c 

3,200,000  d 

1,700,000  d 

C 13 

I hornton  Creek 

5 1 

1,700,000 

3.700,000 

1,400,000 

C 14 

Mercer  Slough 

7 4 

5,600,000 

700,000 

C 15 

Coal  Creek 

7 2 

2,100,000 

700,000 

C 16 

May  Creek 

(See  Demonstration  Area  Below) 

C 17 

Lake  Washingiorr  East 

32 

2,700,000 

1,600,000 

C 18 

1 al'  e Union 

14  f 

No  Alternatives  Developed 

C 19 

Lake  Washir^gton  West 

28  f 

1,100,000 

1,700,000 

G 2 

Newaukurn  Creek 

27 

400,000 

300,000 

G 3 

B«g  Soos  Creek 

72 

900,000 

200,000 

G 4 

MidcJle  Green  River 

67 

100,000 

100,000 

G 5 

1 ower  Green  River 

23 

10,800,000 

9,300,000 

G 6 

Black  River 

27 

19,100,000 

17,700,000 

G 7 

Duwamish  Estuary 

25  q 

2,300,000  c 

2,900,000  c. 

2,500,000  d 

P 1 

Upper  Puget  Sounrf 

22 

6,500,000 

4,000,000 

P2 

Middle  Pugr't  Sound 

16  h 

2,400,000 

1 ,300,000 

P3 

Lower  Puget  Sourrd 

29  r 

8,700,000 

8,600,000 

TOTAL 

730  5 

Total  of  the  Highest  Cost  Alternatives 

Comprehensive 

102,100,000 

Corridor 

98,400,000 

Total  of  the  Lowest  Cost  Alternatives 

Comprehensive 

67,500,000 

Corridor 

66,800,000 

demonstration 

AREAS 

Located  Within 

C 13 

Thornton  Creek 

6 9 

2,900,000 

4,500,000 

2,500,000 

3,500,000 

C 14 

Kelsey  Creek 

94 

4.000,000 

900,000 

C 16 

May  Creek 

13 

1 ,600,000 

600,000 

C5 

Mill  Creek 

13 

6,400,000 

6,700,000 

5,800,000 

P3 

Miller  Creek 

8 9 

4,700,000 

6,300,000 

6,900,000 

TOTAL  51 2 


FOOTNOTES 

a HerjifKidl  sub  basin  costs  and  areas  (square  miles)  do  not  uKlude  the  costs  and  areas  of  the  demonstration  areas  located 
therein 

ti  F Kcludes  water  surface  areas  of  Lake  Washington,  Lake  Sammamish,  Lake  Union,  and  Green  Lake 
c Year  2000  Comprehensive  land  use  plan, 
d Year  2000  Corridor  land  use  plan. 

e Entire  area  served  by  combined  sanitary  storm  sewer  system 
f IncUides  19  square  miles  server!  i)y  combined  sanitary  storm  sewer  system, 

q lrx.liKfes  0.2  square  miles  served  by  combined  sanitary  storm  sewer  system, 

h Irscliides  5 5 square  miles  served  by  combuwd  sanitary  storm  sewer  system. 

I IrKlurles  5 4 square  miles  served  by  combined  sanitaiy  storm  sewer  system 
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now  being  expended  by  local  agencies  for  operation  and  maintenance  of  their 
respective  drainage  systems  as  they  now  exist.  The  present  and  past  opera- 
tion and  maintenance  costs  are  not  well  documented,  but  are  reported  to  be 
very  small . 

Alternative  drainage  plans  utilizing  groundwater  recharge  facilities 
and  holding  ponds  may  have  a slightly  higher  operation  and  maintenance  cost 
than  alternative  plans  comprised  primarily  of  land-use  restrictions,  natural 
lakes,  and  closed  pipe  systems.  However,  because  of  the  lack  of  site 
details  and  the  preliminary  nature  of  the  alternative  plans  presented  herein, 
operation  and  maintenance  costs  have  been  considered  to  be  a uniform  percent- 
age of  the  respective  alternative  plan  capital  costs. 

In  addition  to  the  operation  and  maintenance  cost  described  above, 
there  are  two  regional  sub-basins  and  one  demonstration  area  that  have 
pumping  plants  in  connection  with  the  alternative  drainage  plans.  Gravity 
flow  alternatives  were  not  possible  in  any  of  these  three  areas  because  of 
the  high  water  level  in  the  Green  River.  The  estimated  annual  operation, 
maintenance  (including  overhaul,  repair  and  part  replacement),  and  power 
costs  for  these  three  are  as  follows: 


Alternative 
Plan  I 

Alternati vc 
Plan  II 

Alternati  ve 
Plan  III 

Lower  Green  River  Regional 
Sub-Basin  (excludes  Mill 
Creek  Oemo  Area  costs) 

$ 70,000 

$ 60,000 

None 

Black  River  Regional  Sub- 
Basin  (includes  existing 
P-1  Pumping  Plant) 

$140,000 

$140,000 

None 

Mill  Creek  Demonstration 

$ 90,000 

$ 70,000 

$90,000 

Area 

The  above  pumping-plant  amounts  were  added  to  the  previously  described  one 
percent  costs  to  arrive  at  the  total  annual  operation  and  maintenance  cost 
shown  in  Table  7. 

These  estimated  costs  are  for  trunk  drainage  systems  only,  and  do  not 
include  costs  for  the  operation  and  maintenance  of  collector  pipes  and  dit- 
ches, and  laterals.  These  operation  and  maintenance  costs  do  not  include  the 
cost  of  drainage  management,  short  and  long-range  planning,  runoff  quantity 
and  quality  monitoring,  accounting  and  billing,  and  other  associated  tasks 
required  if  a public  utility  drainage  management  organization  was  established. 
The  formulation  of,  and  the  estimation  of  costs  for,  a comprehensive  drainage 
utility  organization  are  complex  and  beyond  the  scope  of  this  study. 


ESTIMATED  OPERATION  AND  MAINTENANCE  COSTS 
OF  ALTERNATIVE  DRAINAGE  PLANS 


TABLE  7 

REGIONAL  SUB  BASINS  a. 


Drainage  Area 


Regional  Sub-Basin 

(Sq.  Miles!  b. 

Alternative  1 

Alternattve  II 

Alternative  III  Alternative  IV 

C 2 

Lower  Cedar  River 

72 

$ 8,000 

$ 1 1 ,000 

$ 

18,000 

C 3 

Issaquah  Creek 

58 

5,000 

5,000 

C4 

Lake  Sammamish 

35 

22,000 

17,000 

C5 

Evans  Creek 

49 

17,000 

9,000 

C 6 

Bear  Creek 

17 

20,000 

c 16,000 

C. 

1 1,000 

d.  7,000 

d 

C 7 

North  Creek 

29 

91,000 

29,000 

C 8 

Swamp  Creek 

24 

106,000 

c 52,000 

c 

82,000 

d 52,000 

d. 

C 9 

Sammamish  River 

26 

9,000 

7,000 

C 10 

Juanita  Creek 

7 

19,000 

18,000 

C 1 1 

Lyon  Creek 

3 8 

4,000 

6,000 

4,000 

C 12 

McAleer  Creek 

8 

32,000 

c.  17,000 

c. 

32,000 

d.  17,000 

d 

C 13 

Thornton  Creek 

5 1 

1 7,000 

37,000 

14,000 

C 14 

Mercer  Slough 

7 4 

56,000 

7,000 

C 16 

(^ai  Creek 

7.2 

21,000 

7,000 

C 16 

May  Creek 

(See  Demonstration  Area  Below! 

C 17 

Lake  Washington  East 

32 

27,000 

16,000 

C 18 

Lake  Union 

14  e 

No  Alternatives  Developed, 

C 19 

Lake  Washington  West 

28  f 

1 1,000 

17,000 

G 2 

Newaukum  Creek 

27 

4,000 

3,000 

G3 

Big  Soos  Creek 

72 

9,000 

2,000 

G4 

Middle  Green  River 

67 

1,000 

1,000 

G 5 

Lower  Green  River 

23 

178,000 

153,000 

G6 

Black  River 

27 

331,000 

317,000 

G 7 

Duwamish  Estuary 

25  g 

23,000 

29,000 

25,000 

— 

P 1 

Upper  Puget  Sound 

22 

65,000 

40,000 

P 2 

Middle  Puget  Sound 

16  h 

24,000 

13,000 

P3 

Lower  Puget  Sound 

29  1. 

87,000 

86,000 

TOTAL 

730.5 

Total  of  the  Highest  Cost  Alternat 

ives 

Comprehensive 

1,231,000 

Corridor 

1,194,000 

Total  of  the  Lowest  Cost  Alternati 

ives 

Comprehensive 

875,000 

Corridor 

868,000 

DEMONSTRATION  AREAS 

Located  Within 

C 13 

Thornton  Creek 

6.9 

29,000 

45,000 

25,000 

35,000 

C 14 

Kelsey  Creek 

9 4 

40,000 

9,000 

C 16 

May  Creek 

13 

16,000 

6,000 

C 5 

Mill  Creek 

13 

154,000 

137,000 

148,000 

P3 

Miller  Creek 

8 9 

47,000 

63,000 

69,000 

TOTAL 

51  2 

FOOTNOTES 

a Regional  sub  basin  costs  and  areas  (square  miles)  do  not  include  in  the  costs  and  areas  of  the  demonstration  areas  located 
therein 

b Excludes  iwater  surface  areas  of  Lake  Washington,  Lake  Sammamish.  Lake  Union,  and  Green  Lake 
c Year  2000  Comprehensive  land  use  plan 
d Year  2000  Corridor  larxf  use  plan. 

e Entire  area  served  by  combined  sanitary  storm  sewer  system, 

f Includes  19  s<|uare  miles  served  by  combined  sanitary  storm  sewer  system, 

q.  Irnrludes  0 2 square  miles  served  by  combined  sai.itary  storm  sewer  system, 

h IrKludes  5 5 square  miles  served  by  combined  sanitary  storm  sewer  system. 

I i IrKludes  54  square  miles  served  by  combined  sanitary  storm  sewer  system. 

^ I AH  costs  in  this  table  are  in  addition  to  the  annual  costs  now  t>eing  expended  by  local  agencies  foi  operation  and 

£ maintenarKe  of  the  drainage  systems  as  they  now  exist 
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QUALIFICATIONS 

The  alternative  plans  presented  in  this  appendix  represent  a con- 
tinuation of  the  efforts  of  King  and  Snohomish  Counties  and  local  agencies 
to  develop  drainage  plans  which  respond  to  projected  land  use  and  future 
runoff  characteristics  on  a watershed  by  watershed  basis.  The  land-use 
allocation  procedure  which  formed  the  basis  for  runoff  projections  is  at 
best,  preliminary.  The  first  concern  is  that  land  use  has  never  been  aggre- 
gated or  projected  on  the  basis  of  watershed  boundaries.  This  results  in  a 
questionable  basis  for  comparison  with  future  land  use.  Secondly,  the 
Activity  Allocation  Model  distributed  future  population  and  economic  activi- 
ty (and  resultant  land  use)  on  the  premise  of  growth  trend  continuation. 
This  premise  is  highly  questionable  and  subject  recently  to  close  scrutiny 
by  many  elected  public  officials,  organizations  and  the  general  public. 

While  this  study  did  not  attempt  to  reallocate  land  use  based  upon  the  run- 
off problems  it  forecast,  the  value  and  need  for  such  a study  is  apparent. 

Another  area  where  the  alternative  plans  need  refinement  is  in  the 
definition  of  the  existing  drainage  systems.  Many  man-made  improvements 
are  a matter  of  public  record.  Unfortunately,  many  more  are  not,  thus 
making  the  task  of  mathematically  describing  the  system  for  computer  analy- 
sis that  much  more  uncertain.  The  record  of  natural  stream,  floodway  and 
wetland  conditions  is  almost  unwritten. 

Closely  associated  with  this  problem  is  the  lack  of  stream-flow 
gages,  water-quality  monitoring  stations  and  rainfall  gages,  all  of  which 
are  needed  to  gain  an  accurate  idea  of  actual  and  probable  future  runoff 
problems  within  the  various  watersheds. 

The  alternative  plans  do  establish  the  order  of  magnitude  of  the 
runoff  problem  under  projected  land  use  conditions  and  can  serve  as  the 
basis  for  developing  more  specific  drainage  plans  in  the  future.  They  have 
helped  to  identify  the  sub-basins  of  high  priority  drainage  needs  and  have 
established  the  runoff  control  and  water-quality  improvement  functions  of 
wetlands  and  natural  storage  sites. 

The  process  that  has  started  must  be  improved  upon  and  continued  if 
the  region  is  to  seriously  pursue  the  preservation  of  its  many  streams  and 
wetlands . 

The  results  of  the  water  quality  model  simulation  for  each  of  the  sub 
basins  are  useful  to  compare  between  basins.  Before  extrapolating  to  other 
uses,  however,  the  limitation  should  be  reviewed  as  described  in  Appendix  B, 
Urban  Storm  Drainage  Simulation  Models,  and  Appendix  C,  Storm  Water  Monitor- 
ing Program. 
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REGIONAL  SUB-BASINS 


This  section  contains  descriptions  and  possible  alternative  drainage 
plans  for  each  of  the  following  17  regional  sub-basins.  These  sub-basins, 
plus  the  Upper  Cedar  River  Sub-Basin*,  provide  the  drainage  network  for  the 
entire  Cedar  River  Basin.  They  are  bound  following  page  31. 


CEUAR  RIVER 

C-2 

Lower  Cedar  River 

C-3 

Issaquah  Creek 

C-4 

Lake  Sammamish 

C-S 

Evans  Creek 

C-6 

Bear  Creek 

C-7 

North  Creek 

C-8 

Swamp  Creek 

C-9 

Sanmamish  River 

C-10 

Juanita  Creek 

C-11 

Lyon  Creek 

C-12 

HcAleer  Creek 

C-13 

Thornton  Creek 

C-14 

Mercer  Slough 

C-15 

Coal  Creek 

C-16 

May  Creek  (See  Demonstration  Area) 

C-17 

Lake  Washington  East 

C-18 

Lake  Union 

C-19 

Lake  Washington  West 

Descriptions  and  alternative  drainage  plans  for  the  regional  sub-basins 
within  the  Green  River  Basin  and  those  draining  directly  to  Puget  Sound  are 
presented  in  Volume  2. 

* Because  of  extensive  public  ownership,  this  sub-basin  Is  not  considered 
developable. 


DEMONSTRATION  AREAS 


In  addition  to  the  development  of  alternative  drainage  plans 
for  each  of  the  27  regional  sub-basins,  five  areas  were  selected  by 
RIBCO  for  more  detailed  analysis,  greater  local  citizen  involvement, 
and  additional  use  of  drainage  simulation  models.  In  all,  a total  of 
39  separate  areas  were  proposed  by  local,  state  and  federal  agencies, 
consulting  firms,  and  individuals  for  special  consideration.  From 
these  39  proposals,  the  following  five  demonstration  areas  were  chosen: 

1.  Thornton  Creek  (North  Fork)  - part  of  Thornton  Creek  Sub-Basin 

2.  Kelsey  Creek  - part  of  Mercer  Slough  Sub-Basin 

3.  May  Creek  - the  entire  regional  sub-basin 

4.  Mill  Creek  - part  of  the  Lower  Green  River  Sub-Basin 

5.  Miller  Creek  - part  of  the  Lower  Puget  Sound  Sub-Basin 

For  each  demonstration  area,  more  detailed  data  was  obtained 
regarding  the  existing  drainage  system  and  the  existing  land  use.  With 
the  additional  data,  it  was  possible  to  obtain  more  detailed  analysis 
of  urban  runoff  within  the  demonstration  areas. 

Special  public  meetings  were  conducted  within  the  various  demon- 
stration areas  for  the  purpose  of  examining  alternative  approaches  to 
drainage  design.  Based  upon  the  results  of  these  meetings,  alternative 
plans  were  developed  which  best  satisfied  the  physical  requirements  of 
the  area  and  the  preferences  expressed  by  local  citizens. 

Following  plan  development,  citizens  and  local  agencies  again 
reviewed  the  alternatives.  The  alternatives  were  evaluated  using  the 
matrix.  A completed  matrix  is  presented  for  each  of  the  alternative 
plans  considered  for  the  demonstration  areas. 

For  each  demonstration  area,  certain  features  of  the  alternative 
drainage  plans  are  desirable  for  early  implementation.  These  features, 
or  facilities,  are  needed  to  correct  present  problems,  and  those  pre- 
dicted to  occur  during  the  next  ten  years  that  are  urgent  and  severe. 

The  present  and  future  drainage  problems  were  identified  as  previously 
described.  Computer  simulations  of  existing  drainage  systems  under 
existing  land  use  were  made  to  detennine  peak  flow  rates,  to  verify  the 
reported  problems,  and  to  better  determine  the  extent  and  severity  of 
the  problems. 

The  physical  facilities  suggested  for  early  action  have  been 
placed  into  the  three  categories  defined  as  follows: 
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1.  CATEGORY  I - COMMON  ALTERNATIVE  ELEMENTS.  Certain  provisions  for 
drainage  control  are  common  to  all  reasonable  alternatives  proposed 
for  that  denranstration  area.  Early  action  can  begin  for  these  features 
as  it  is  reasonable  to  assume  that  they  eventually  will  be  necessary 
and  are  therefore  compatible  to  any  future  course  of  action. 

2.  CATEGORY  II  - ALTERNATIVE  ELEMENTS  COMMON  IN  SCOPE.  In  each 
demonstration  area,  there  are  elements  that  are  common  to  all  alter- 
natives set  forth,  but  which  differ  only  in  the  size  of  facility 
required.  For  example,  if  one  alternative  proposes  a "three-barrel" 
culvert  at  a certain  location  and  the  other  alternative  would  have 
two,  then  it  is  reasonable  to  assume  that  one  or  two  "barrels"  in- 
stalled to  mitigate  an  urgent  problem  would  continue  to  be  useful 

in  the  long  term. 

3.  CATEGORY  III  - RESPONSE  TO  REPORTED  DRAINAGE  PROBLEMS.  A problem 
that  might  be  minor,  relative  to  the  overall  alternative drainage 
plans,  both  in  terms  of  cost  and  potential  consequences,  can  be  a 
major  problem  for  an  individual  or  group  of  residents.  Each  juris- 
diction should  establish  a temporary  procedure  for  responding  to 
reports  of  problems  and  citizen  complaints  until  a permanent  mainte-, 
nance  and  operations  arm  of  a future  management  entity  can  be  formu- 
lated and  funded. 

The  demonstration  area  descriptions  also  contain  an  estimate 
of  reported  annual  property  damages  as  obtained  from  local  agencies. 
These  estimates  probably  are  far  from  complete  and  tend  to  greatly 
underplay  the  magnitude  of  the  real  financial  and  property  loss. 

This  section  contains  descriptions  and  possible  alternative 
plans  for  the  following  three  demonstration  areas  within  the  Cedar 
River  Basin.  They  are  bound  following  Regional  Sub-Basin  descriptions. 

Thornton-1  Thornton  Creek  Demonstration  Area 
Kelsey-1  Kelsey  Creek  Demonstration  Area 

May-1  May  Creek  Demonstration  Area 
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REGIONAL  SUB-BASIN  PLANS 


REGIONAL  SUB-BASIN  C-2 


LOWER  CEDAR  RIVER 


GENERAL  DESCRIPTION 


This  sub-basin  encompasses  all  of  the  Cedar  River  from  a point 
approximately  two  miles  upstream  from  the  Landsburg  Diversion  Dam  to 
its  discharge  at  the  southern  tip  of  Lake  Washington  in  the  city  of  Ren- 
ton. The  sub-basin  is  about  21  miles  long,  averages  three  miles  in 
width,  and  rises  from  an  elevation  of  14,0  feet  at  Lake  Washington  to 
an  elevation  of  2,800  feet  at  the  highest  point,  which  lies  in  the  extreme 
eastern  corner. 


There  are  eight  lakes  of  significant  size  in  this  sub-basin,  includ- 
ing Lake  Youngs  which  serves  as  a domestic  storage  supply  reservoir  for 
the  City  of  Seattle.  Numerous  small,  unnamed  streams  discharge  to  the 
Cedar  River  but  a considerable  portion  of  the  sub-basin  runoff  generated 
is  discharged  into  the  lakes  high  in  the  valley.  The  Cedar  River  is 
known  for  its  excellent  water  quality.  This  is  a major  factor  in  its 
value  as  a fisheries  resource,  supporting  runs  of  Chinook,  coho  and  sock 
eye  salmon,  as  well  as  cutthroat  and  steelhead  trout. 


Highway  169  is  the  major  transportation  route  in  this  sub-basin  and 
it  runs  parallel  to  the  river  for  ten  miles.  It  connects  Renton  to 
the  community  of  Maple  Valley,  and  continues  south  until  it  crosses  the 
sub-basin  divide  in  the  vicinity  of  Georgetown.  A diversity  of  land  use 
can  be  found  in  this  sub-basin,  including  a portion  of  the  city  of 
Seattle's  Cedar  River  watershed  in  the  east,  clusters  of  homes  along  the 
riverbank,  residential  developments  along  the  bluff  overlooking  the  river, 
and  highly  urbanized  areas  within  the  city  limits  of  Renton.  Future 
growth  in  this  sub-basin  is  likely  to  be  low-density  residential  except 
for  areas  within  Renton  and  home  developments  near  the  city.  An  estimate 
of  present  and  future  land  use  is  given  below: 

PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land  Use 


Existing  P.S.G.C.  Land-Use  Projection 

(1970-72)  Comprehensive  Corridor 


Single  Family  10 

Nftiltiple  Family 
Commercial  Services  1 

Govt,  and  Edjc. 

Industrial  1 


20 

1 

1 


20 

1 

1 
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Land  Use 

Existing 

(1970-72) 

P.S.G.C.  Land 
Comprehensive 

Use  Projeci 
Corri dor 

Parks/Uedicated  Open  Space 

5 

5 

5 

Agri cul ture 

15 

15 

15 

Airports,  Railyards, 
Freeways,  Highways 

Unused  Land 

68 

57 

57 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

5 

10 

10 

Tne  Cedar  River  flows  mostly  through  unincorporated  areas  of  King 
County.  The  only  portions  within  the  jurisdiction  of  another  agency  lie 
on  the  two  geographical  extreires.  The  Cedar  River  watershed  lies  to  the 
east  and  is  controlled  by  tne  City  of  Seattle  which  uses  water  generated 
therein  for  domestic  supply.  The  City  of  Renton  and  the  Municipality  of 
Metropolitan  Seattle,  whose  boundaries  extend  about  four  miles  upstream 
from  Lake  Washington,  are  at  the  western  extremity  of  the  sub-basin. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  lower  Cedar  River  Sub-Basin  is  largely  in  a natural  condition, 
and,  because  of  easy  access  to  the  river  channel,  it  is  used  heavily  for 
recreation,  chiefly  fishing,  swimming  and  canoeing.  The  Cedar  River  has 
a gradient  of  21  ft.  per  mile  for  most  of  its  length  and  generally  can  be 
classified  in  the  floodway  zone.  Most  of  the  creeks  are  undisturbed, 
particularly  in  the  remote  eastern  end,  and  residential  development  is  oc- 
curring at  only  three  of  the  eight  significant  lakes. 

Towards  the  west  end  of  the  sub-basin,  the  Cedar  River  passes  through 
the  confines  of  the  City  of  Renton  where  commercial  and  industrial  deve- 
lopment encroaches  upon  the  banks.  About  two  miles  of  the  Cedar  river  flows 
within  the  city  limits  and  occupies  a constructed  channel,  straight  in 
alignment,  with  reinforced  levees.  Little  recreational  value  is  realized 
in  this  section. 

DRAINAGE  PROBLEMS 


Because  the  eastern  half  of  this  sub-basin  is  largely  undeveloped, 
few  problems  due  to  runoff  occur,  other  than  natural  erosion  of  creek 
channels  caused  by  heavy  rains. 
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The  majority  of  the  problems  occur  west  of  Maple  Valley  and  increase 
in  both  frequency  and  magnitude  as  the  Cedar  River  approaches  Lake  Wash- 
ington. Encroachment  along  the  flood  plain  has  resulted  in  periodic 
flooding.  Urbanization,  however  minor  at  the  present  time,  is  beginning 
to  cause  heavy  runoff  and  localized  erosion  in  the  small  creeks  tributary 
to  the  Cedar  River.  This  problem  is  particularly  evident  in  the  natural 
watercourse  passing  through  the  residential  development  of  Fairwood  that 
lies  on  the  hillside  south  of  Cedar  River  about  three  miles  from  Lake 
Washington.  The  storm  sewers  constructed  to  drain  this  development  dis- 
charge to  the  creek  and  cause  serious  erosion.  Generally,  silt  is  carried 
by  small  rivulets  off  hillsides  denuded  by  recent  development  and  slides 
have  been  observed  along  the  valley  walls. 

Within  the  City  of  Renton,  the  problems  of  drainage  are  somewhat 
different.  The  river  does  not  cause  general  flooding,  but  there  have 
been  instances  of  undesirable  ponding  along  major  arterials  and  flooding 
in  a number  of  arecS  due  to  the  lack  of  storm  drains. 

Problems  in  this  suh-basin  have  been  recurring  for  a number  of  years 
and  King  County  has  been  made  aware  of  them  by  both  public  comment  and 
private  studies.  With  continued  growth  in  the  area,  it  is  only  reason- 
able to  expect  flooding,  erosion  and  siltation  to  increase  in  severity. 

As  described  in  the  table  of  existing  and  projected  land  uses,  a 
relatively  small  increase  in  impervious  area  is  expected  for  the  Lower 
Cedar  River  Sub-3asin.  Development  is  expected  to  increase  the  imper- 
vious land  area  from  existing  5-  to  approximately  10%  in  the  year  2000. 

The  results  of  hydrologic  analyses  indicate  no  significant  difference 
between  the  Comprehensive  and  Corridor  plans,  therefore,  the  drainage 
alternatives  presented  herein  are  applicable  to  both  plans. 

As  this  sub-basin  was  not  a demonstration  area,  no  computer  modeling 
was  done  for  existing  flows  along  the  stream  and  it  was  therefore  neces- 
sary to  formulate  plans  based  upon  projected  problems  with  existing 
facilities  being  used,  under  future  land  use  conditions. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


In  March,  1965,  the  Corps  of  Engineers  published  a report  of  a study 
of  flooding  in  the  Cedar  River  Basin,  The  study  area  extended  from  the  mouth 
of  the  Cedar  upstream  approximately  nine  miles,  or  about  halfway  between 
Renton  and  Maple  Valley.  Some  additional  planning  to  a point  above  Maple 
Valley  has  been  accomplished,  but  not  formally  reported.  The  report  iden- 
tified problems  in  the  area  and  designated  flood-plain  boundaries.  It  also 
traced  the  history  of  flooding  back  to  1945  when  the  first  discharge  records 
were  made,  but  it  presented  no  solutions  or  recommendations  to  alleviate 
problems.  The  Corps  also  is  involved  in  an  ongoing  flood  reduction  program 
and  will  incorporate  the  alternatives  developed  by  the  RIBCO  Water  Resource 
Management  Study  to  develop  long  range  solutions  to  flooding  along  the 
Cedar  River. 
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Other  planning  efforts  affecting  this  sub-basin  include  the  King 
County  Comprehensive  Plan  conducted  in  1964  which  presents  general  planning 
goals  for  the  County,  a Comprehensive  Plan  for  Flood  Control  developed  in 
1964  which  was  intended  to  serve  as  a guide  for  future  expenditures  of  funds 
for  flood  control,  and  an  Urban  Trails  Plan  completed  in  1971  that  iden- 
tified the  need  for  an  interconnecting  trail  system  in  the  Cedar  River 
Valley. 


Staff  members  from  King  County  Public  Works  Department,  Hydraulics 
Division,  have  reviewed  the  initial  alternative  plans  for  drainage  developed 
by  this  RIPCO  Study  for  the  Lower  Cedar  River  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  the  Lower  Cedar  River  Sub-Basin, 
as  described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  the  region's  ten-year  storm  to  year  2000  land  use.  Drainage  prob- 
lems thus  identified  were  analyzed  and  possible  solutions  were  provided  in 
development  of  alternative  plans  for  drainage  control  as  described  below. 

ALTERNATIVE  PLAN  I 


Cieneral  Concept 

This  alternative  calls  for  replacement  of  undersized  storm  trunk 
lines  and  surcharging  culverts  as  well  as  enlarging  open  channels  to  meet 
future  needs.  Although  not  specifically  identified  through  public  meetings, 
field  inspections  and  numerical  calculations  identified  areas  where  erosion 
problems  are  occurring  and  will  become  more  severe  in  the  future.  To  prevent 
such  erosion,  bank  protection  is  included  as  an  element  of  the  channeliza- 
tion solution.  Included  in  this  bank  protection  work  are  drop  structures 
to  slow  velocities,  thereby  preventing  erosion. 

Major  Features 

The  biggest  single  element  of  this  plan  is  the  storm  trunk  lines  pro- 
posed within  the  city  limits  of  Renton.  These  lines  will  parallel  existing 
• storm  sewers  that  are  inadequate  to  accommodate  anticipated  storm  flows. 

The  remaining  element  of  this  alternative  includes  protection  of  the  natural 
channel  above  the  Maplewood  Golf  Course,  placement  of  a storm  sewer  parallel 
to  the  existing  culvert  under  Highway  167  to  the  river,  and  protection  of 
the  creek  that  drains  storm  runoff  from  the  Fairwood  development  situated 
on  the  plateau  above  the  Cedar  River  to  the  south.  Also  included  are  replace 
ment  of  miscellaneous  culverts,  enlargement  of  the  channel  flowing  by  the 
Aqua  Ban;  Recreation  Facility  and  protection  of  the  banks  of  a number  of 
streams  in  the  lower  portion  of  the  basin  through  the  use  of  drop  struc- 
tures and  rip-rap. 
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Cost 


The  cost  of  Alternative  Plan  I is  estimated  to  be  $800,000. 
ALTERiiATIVE  PLAN  II 


General  Concept 

Because  of  the  topography  and  land  use,  the  concept  of  detention 
storage  is  not  applicable  throughout  the  sub-basin.  However,  storage  and 
controlled  release  may  be  appropriate  for  the  problem  of  flooding  in  the 
vicinity  of  the  Aqua  Bam  and  in  reducing  peak  flow  rate  in  a number  of 
the  streams  in  adjacent  areas.  Such  facilities  would  reduce  downstream 
flows  as  well  as  damage  incurred  by  uncontrolled  ponding. 

This  alternative  assunes  that  future  development  will  follow  guide- 
lines proposed  by  King  County  so  that  runoff  will  not  be  permitted  to  in- 
crease by  more  than  25%  above  present  levels.  Wherever  possible,  flows 
were  reduced  to  the  point  where  erosion  and  damage  along  natural  streams 
would  be  minimized,  but  to  assure  adequate  protection  of  the  creek  banks, 
some  rip-rap  and  drop  structures  were  considered  necessary.  In  addition, 
culvert  replacement  was  included  to  prevent  flooding  and  storm  trunk  lines 
were  considered  in  the  highly  urbanized  areas  of  Renton. 

Major  Features 

The  elements  of  this  plan  are  similar  to  those  described  for  Alter- 
native Plan  I except  for  the  storage  ponds  mentioned  above.  In  all,  six 
storage  ponds  were  located  at  various  sites  within  the  sub-basin. 

Cost 


The  cost  of  Alternative  Plan  II  is  estimated  to  be  $1,100,000. 
ALTERNATIVE  PLAN  III 


General  Concept 

avoid  heavy  flows  in  the  downstream  portions  of  a nunber  of 
the  creeks  in  this  sub-basin,  it  would  be  possible  to  divert  peak  runoff 
through  trunk  lines  directly  to  the  Cedar  River.  In  the  more  highly  urban- 
ized  areas,  dive *^100  would  not  be  applicable.  This  alternative,  then, 
consider  diversion  of  peak  flows  from  creeks  wherever  possible,  and  bank 
protection  and  parallel  trunk  sewers  where  diversion  is  not  practical. 

In  the  Fai^ood  area,  where  diversion  of  storm  flow  from  the  creeks  is 

f’  storage  facilities  are  provided  identical  to  those  described 
in  Alternative  Plan  II. 
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Major  Fe ^.ures 

This  concept  involves  diversion  lines  above  the  Maplewood  Rolf  Course 
and  the  stream  passing  by  the  Aqua  Barn.  Similar  facilities  are  proposed 
to  protect  the  creek  east  of  the  golf  course  but  further  consideration  should 
be  given  this  line  after  development  trends  become  more  firmly  established. 

As  described  above  and  identified  in  the  following  tabulations  three  stor- 
age basins  are  proposed  in  this  alternative. 

Cost 


The  cost  for  Alternative  Plan  III  is  estimated  to  be  $1,800,000. 

PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10-year  peak  flows  under  existing  fac- 
ilities and  land  use  and  under  alternative  drainage  management  solutions 
for  the  year  2000. 


COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  per  Second) 


Existing  Alternative  Alternative  Alternative 


Location 

Facilities 

Plan  I 

Plan  II 

Plan 

Maplewood 

1200 

150 

90 

90 

Aqua  Barn 

220 

230 

130 

130 

Maplewood  Golf 
Course 

85 

380 

150 

90 

ENVIRONMENTAL 

ASSESSMENT  OF  ALTERNATIVE 

PLANS 

Field  inspections  were  made  to  judge  the  applicability  of  the  sug- 
gested alternative  plans  for  this  sub-basin.  This  procedure  was  followed 
throughout  the  RIBCO  Study  in  the  development  of  alternative  plans  for  the 
various  regional  sub-basins.  Used  for  the  inspections  was  the  alternative 
evaluation  proeeduve  which  identified  34  unique  criteria  grouped  in  general 
categories  as  follows:  1)  Effectiveness,  2)  Human  Values,  3)  Environmental 

Factors,  4)  Implementation  and  5)  Resource  Requirements. 

Various  structural  solutions  were  checked  against  the  appropriate 
criteria  and  various  non-structural  solutions  were  reviewed  for  their  relat- 
ionship to  existing  and  probable  future  developments.  The  criteria  rating 
total  for  Alternative  Plan  I,  which  employs  streambank  protection  and 
parallel  conduit,  was  a minus  9 on  a scale  ranging  from  positive  108  to 
negative  108,  The  total  evaluation  rating  for  Alternative  Plan  II,  which 
employs  strea.'rhank  protection,  storage,  parallel  conduit  and  runoff  con- 
trol was  a positive  28.  The  total  evaluation  rating  for  Alternative  Plan 
III,  which  employs  diversion,  storage,  parallel  conduit,  and  streambank 
protection,  was  a plus  18. 
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All  three  alternatives  were  judged  to  be  effective  for  controlling 
drainage,  with  a slight  edge  possibly  going  to  Alternative  Plan  III  because 
it  was  judged  to  be  most  reliable  owing  to  the  use  of  a diversion  pipe- 
line. Human  values  were  only  marginally  promoted  by  any  of  the  three  alter- 
natives, with  Alternative  Plans  II  and  III  receiving  a slight  edge  in  this 
category.  Only  Alternative  Plans  II  and  III  scored  positive  rating  for  en- 
vironmental factors,  with  Alternative  Plan  II  being  clearly  superior  to  the 
other  two  plans.  It  is  judged  to  be  least  harmful  to  wildlife  and  vegeta- 
tion while  at  the  same  time  promoting  water  quality  and  assuring  low  flow 
conditions.  Alternative  Plans  II  and  III  both  promote  the  fisheries  pot- 
ential of  the  Cedar  River.  Negative  ratings  were  received  by  all  three 
alternative  plans  for  probability  of  implementation.  While  only  one  juris- 
diction is  involved,  no  funding  is  available  and  land  acquisition  is  necess- 
ary in  all  cases.  All  three  alternatives  also  received  a negative  rating 
for  resource  requi rements , although  Alternative  Plan  II  involving  runoff 
control  and  storage,  had  a slight  edge  in  this  category.  Each  alternative 
does  require  construction  of  control  facilities  and  single-purpose  conmit- 
ment  of  land. 

One  critical  element  in  Alternative  Plan  II  is  the  proposal  to  use 
runoff  control  and  storage.  This  treatment  combination,  if  it  is  to  be  part 
of  the  chosen  alternative,  should  be  implemented  as  an  early  organized 
effort.  Any  additional  portion  of  the  sub-basin  that  develops  without  these 
combined  controls  will  require  a more  structural  treatment  than  Alternative 
Plan  II  can  accomnodate.  This  issue  should  be  brought  to  the  attention 
of  all  citizens  and  their  local  agencies. 

CONCLUSIONS 


Alternative  Plan  II  is  judged  to  be  slightly  superior  to  either  Al- 
ternative Plan  I or  Alternative  Plan  III.  It  does  involve  less  use  of 
man-made  facilities  within  the  sub-basin  and  does  sustain  water  quality  and 
protect  low  flow  conditions.  As  pointed  out  above.  Alternative  Plan  II 
involves  runoff  control,  which  must  be  implemented  as  an  inmediate  action. 

King  County  is  in  a position  to  formulate  a master  drainage  plan 
for  the  Lower  Cedar  River  Sub-Basin  which  would  incorporate  provisions  of 
Alternative  Plan  II  or  any  other  alternative  that  receives  adequate  public 
and  agency  review.  King  County  would  be  responsible  for  implementation  and 
enforcement  of  any  features  of  the  chosen  alternative. 

King  County  should  have  responsibility  for  control  of  drainage  and 
flood  damage  in  the  lower  Cedar  River  Sub-Basin. 
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RUNOFF  QUALITY  SU^t1ARY 
LOWER  CEDAR  RIVER 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


HIBCO  UHbAN  MUNUft  ANIJ  MASIIM  UHAlNAlit  SlUDY 
Anerniiiwp  1 Sot)  B<iMn  Lower  Letidr  Piver 


EXISTING  facilities 


PHOPOSED  FACILITIES 


PIPE  DIAMETERl  , CHANNEL  MAX 

element;  or  Channel  ; side  slopes  depth  of 

number  i type  bottom  width  length  ; |h„,„  , channel 


Parallel 
Pipe  ^ 


Paral lei 
Pipe  3J" 


estimated 

CAPiIAl  COST 


60  Pipe 


18"  400'  ' 


Parallel 
Pipe  I 30" 


61  Pipe 


18"  I 700' 


Parallel 
Pipe 31" 


Paral lei 
P i pe  36 " 


Parallel 
Pipe  1?" 


$38,000 


$198,000 


$50,000 


14  ; Pipe 


36"  1,000' 


Parallel 
Pipe  63" 


$120,000 


Wise.  Varies  ! 800' 

Culvert 


Two -36"  , 70' 


Replacement 
Culvert  Varies 


Paral lei 
Culvert  CO" 


$10,000 


$18,000 


Culverts  Three-36"  i 50' 


Parallel 
Culvert  40 


Parallel 
Culvert  36" 


I $8,000 


Parallel  i 
Culvert  i 30" 


Parallel 
Culvert  ! .'T" 


Channel  ! Streambank  protection 

i and  drop  structures  $90,000 


Channel 

streambank  protection 
and  drop  structures 

$26,000 

i 

Channel 

Streambank  protection, 
drop  structures  and 
channel  cleaninu  ^ 

$66.tllin 

Channel  ' 

Streambank  protection  | 
and  drop  structures 

$33,000 

RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aiteffwtive 1 Sub 8ds»f»  Lower  Cedar  Ri ver 


— 

tUMLNT 
NUM81  R 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

IYP( 

PIPE  DIAME  TEH 
OH  CHANNEL 
BOTTOM  width 

1 E noth 

CHANNEL 
SIDE  SLOPES 
Vert  > 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

r 

ESTIMATED 
CAPITAL  COST 

80 

Channel 

1 ' 

200' 

1:1 

r 

Channel 

4'  width 
2'  depth 
2:1  side  slopes 

$1 ,000 

22 

Channel 

4' 

L_ 

1:1 

4' 

Channel 

Streambank  protection 
and  drop  structures 

$30,000 

83 

Channel 





3,000' 

1:1 

4' 

Channel 

Streambank  protection 
and  drop  structures 

$15,000 

1 

1 



1 

J 

1 

Th^  Esiiniateil  Cdpiidi  Cost  for  each  element  includes  Contiactot  ptolvt, 
eftqmeec  inq.  leqal  and  conlmqetu  les  In  adflilion.  land  purchase  and 
SHverarKe  costs  ar«'  irK.luuf>d  where  latxl  is  reriutred  All  costs  are  based 
upon  Jui'e  19/3  prices 


Total  Estimatetl  Capital  Cost 
Round  To 


$843,000 

$800,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  ORAINAGF  STUDY 
Ait»*frwf.v(- IJ Sub  Bdvm  Lower  Cediir  Ri ver 


FXfSTrNG  FACaiTirS 


PiPt  DiAMtTER 
OB  CHANNtL 


CHANNEL  I MAX 
S!DE  St  OPES  i D£PTf<  OF 


PHOPOSt  D FACtUTlES 

1 

TYPF 

1 

f-H7lMA7ED 
CAPITAL  COST 

Parallel 

Pipe 

2/r 

$71 ,000 

Paral lel 
Pipe 

31" 

$22,000 

Parallel 

Pipe 

30" 

$22,000 

Parallel 

Pipe 

30" 

$38,000 

Paral lel 
Pipe 

30" 

$198,000 

Parallel 

Pipe 

12" 

$50,000 

Paral lel 
Pipe 

3f." 

$66,000 

Replacemei 

Culvert 

t 

Varies 

$8,000 

Paral lel 
Culvert 

42" 

$12,000 

Parallel 

Culvert 

27" 

$7,000 

Parallel 
Cul vert 

1 

$6,000 

Parallel 

Culvert 

21" 

$5,000 

Channel 

Streambank  protection 
and  drop  structures 

$16,000 

Channel 

Streambank  protection 
and  drop  structures 

$63,000 

Channel  Streambank  protection 
and  drop  structures 


$1,000 


$12,000 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Sub  Bdsin  Lower  Cedar  River 


j t XISTING  FACILITIES 

PIPE  DIAMETER  CHANNEL  MAX 

EL^MFNT  OR  CHANNEL  SIDE  SLOPES  DEPTH  Of 

NUMBfR  • TYPE  BOTTOM  WIDTH  LENGTH  (Hom^  Vert)  CHANNEL  TYPE 


PROPOSED  FACILITIES 


201  None 


(On  Element  16  in  hHghlands) 


Channel  Streambank  protection 
and  drop  structures 


Holding  i,o  AF 
Pond 


Holding  |3.6  ^F 
Pond  I 


(Upstream  ()f  Elemenft  71:  West  Forf()  [Holding  12.9  AF 

Pond 


Holding  6.3  AF 
Pond 


Holding  3.6  AF 
Pond 


Holding  1.9  AF 
Pond  I 


ESTIMATED 
CAPITAI  COST 


$54,000 


$79,000 


$92,000 


$83,000 


Tbr  ( Com  1o»  edcb  eie-riem  mcludps  Contractor  profit. 

<«r>d  cor^tinqenr  irs  In  addition,  land  purchase  and 
rrnts  fHiudiKl  larwl  is  lequired  All  costsare  based 

.ipon  June  14/3  prices 


Total  Estimated  Capital  Cost  $1  ,053.00 

Round  To  $1,100,000 


RIBCO  URBAN  RUNOFF  ANO  BASIN  DRAINAGE  STUDY 
All«?rfidl(ve  J J ^ SuT)  Bjsin  Lower  C-GCldF  R 


EXISTINC 

i FACILITIES 

element 

number 

1 TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
[BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  VeM  | 

MAX 

depth  of 
CHANNE  L 

PROPOSED  FAClLlflFS 

TYPE  1 

, ESTIMATED 
CAPUAL  COST 

r~ 

Parallel  ■ 
Pipe  1 

1 

i 

i 

$71,000 

- . 

Parallel  i 
Pipe  1 

33" 

1 

$22,000 

Parallel 

Pipe 

33" 

$22,000 

Paral lei 
Pipe 

30" 

$33,000 

Parallel 

Pipe 

36" 

1 

1 $198,000 

Parallel  ! 
Pipe  j 


$50,000 


Diversion 

Pipe 

Diversion 
Pipe  i 


$232,000 
$81 ,000 


1 

None 

Diversion  lin 
"B"  parallel 
Element  71  on 
the  east 

to 

None 

1 

i 

i 

1 

Culverts 

Two -36" 

70' 

r 

None 

r ■ ■ ' 

Diversion  lin 
"C"  continuat 
of  Element  19 
the  Cedar  Rivi 

[ 

ion 
1 to 

Parallel 

Culvert 


Diversion 

Pipe 


Diversion 

Pipe 


1 $396,000 


$33,000 


$12,000 


$79,000 


$79,000 


Diversion  lin 
"D"  parallel 
Element  79  on 


76  Culverts  12" 


HIBCO  lJHB^N  RllNOf  F AND  BASIN  DRAINAGf  STUDY 


Aiii’.naiivp  LU ^ Sul.  h,imm  Lower  Cedar  River 


E XISTING  EACH  ITIES 

PTOPOSFD  EACH  ITIES 

ELEMENT 
NUM8E  H 

TYPE 

PIPE  DtAME  TEH 
OR  CEtANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 

(Hon/  Vert  ) 

MAX 

f)l  pth  oe 
CHANNEL 

T YE>E 

ESTIMATED 
CAPITAL  COST 

74 

Culverts 

12" 

40' 

Parallel 

Culvert 

24" 

$6,000 

75 

Cul verts 

12" 

40' 

Paral lei 
Cul vert 

21" 

$6,000 

19 

Channel 

6' 

10,000' 

1 ;5:1 

4' 

Channel 

Streambank  protection 
and  drop  structures 

$63,000 

22 

Channel 

4' 

6,000' 

1:1 

4' 

Channel 

Streambank  protection 
and  drop  structures 

S12.000 

83 

Channel 

4' 

3,000' 

1:1 

4' 

Channel 

streambank  protection 
and  drop  structures 

$6,000 

201 

None 

(On  Clemen 

: 15  in  h 

ighlands ) 

Holding 

Pond 

1.9  AF 

S83.000 

202 

None 

(Upstream 

if  Elemen 

t 16) 

Hoi  ding 
Pond 

1 .0  AF 

L 

$54,000 

90 

None 

(On  Elemen 

. 19  in  1 

jwlands) 

Holding 

Pond 

3.6  AF 

$79,000 

L 

r 

1 

Thp  Estimaled  Capitdl  Cost  for  each  ele-neni  includes  CofUrarlof  profit, 
enqineennq.  legal  and  contingencies  In  add-lton.  lanrl  purchase  and 
s«?verance  costs  are  inclu<led  wfiere  land  is  required  All  costs  are  tiased 
utKjn  June  1973  prices 


Total  i siunattHl  Catiiial  Cost 
Hound  To 


$1,772,000 
$1 .800,000 
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REGIONAL  SUB-BASIN  C-3 


ISSAQUAH  CREEK 


GENERAL  DESCRIPTION 


Issaquah  Creek,  which  is  about  ten  miles  long,  drains  forested  foot- 
hills of  the  Cascade  Range  and  empties  into  Lake  Sammamish  on  the  southern 
extremity.  The  two  primary  topographic  features  of  the  sub-basin  are  Tiger 
Mountain,  which  lies  east  of  the  main  channel  and  rises  to  an  elevation 
of  2,900  feet,  and  Squak  Mountain,  which  lies  to  the  west  of  the  main  stream 
and  rises  to  a height  of  2,000  feet.  Issaquah  Creek  flows  in  the  valleys 
between  these  two  mountains  with  smaller  streams  entering  the  main  channel 
at  various  points.  South  of  Lake  Samriamish,  the  land  flattens  out  to  form 
the  Issaquah  Creek  flood  plain. 

The  physical  characteristics  of  the  major  tributaries  to  Issaquah 
Creek  are  noted  below; 


Stream 

Category 

Drainage  Area 

Point  of 

Discharge 

North  Fork  of  Issaquah' 
Creek 

II 

4.3  sq.  mi. 

Issaquah 

Creek 

East  Fork  of  Issaquah 
Creek 

II 

8.5  sq.  mi. 

Issaquah 

Creek 

Holder  Creek 

I 

6.7  sq.  mi . 

Issaquah 

Creek 

Fifteen  Mile  Creek 

I 

5.0  sq.  mi. 

Issaquah  Creek 

Carey  Creek 

I 

7.3  sq.  mi. 

Issaquah  Creek 

Land  in  the  sub-basin  is  largely  undeveloped  with  the  City  of  Issaquah 
being  the  greatest  population  center.  Residential  developments  include 
those  on  the  north  and  south  faces  of  Squak  Mountain,  on  the  west  side  of 
South  Tiger  Mountain,  and  on  the  ridge  north  of  the  City  of  Issaquah.  Out- 
side of  these  residential  developments,  single-family  units  are  generally 
widely  dispersed.  Future  growth  will  most  likely  follow  present  trends, 
with  the  major  residential  areas  remaining  in  the  northern  portion  of  the 
sub-basin.  Present  indications  are  that  a large  commercial  and  industrial 
community  will  engulf  the  low  lying  area  along  the  1-90  corridor  between 
the  flood  plains  of  Issaquah  Creek  and  Tibbetts  Creek.  Present  and  pro- 
jected land  use  is  presented  on  the  next  page. 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land 

Exi sting 

P.S.G.C,  Land 

Use  Projectii 

Use 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

5 

15 

15 

Multiple  Family 

<1 

1 

1 

Cofimercial/Servi  ces 

<1 

1 

1 

Govt,  and  Educ. 

1 

1 

1 

Industrial 

<1 

2 

2 

Parks/Dedicated  Open  Space 

5 

5 

Agriculture 

15 

10 

10 

Airports,  Railyards 
Freeways,  Highways 

<1 

<1 

2^1 

Unused  Land 

77 

64 

64 

Water 

<1 

<1 

<1 

Total 

100 

100 

100 

Total  Impervious  Area 

5 

10 

10 

Most  of  this  sub-basin  is  in  King  County,  outside  the  jurisdiction 
of  any  city.  The  one  major  exception  to  this  is  the  City  of  Issaquah  and  its 
watershed  that  lies  due  west  of  the  city,  including  Tradition  Lake.  Approx- 
imately 15X  of  the  sub-basin  is  within  the  jurisdiction  of  the  City  of  Issa- 
quah with  the  remaining  85X  lying  within  King  County.  The  City  of  Issaquah 
is  the  only  portion  of  the  sub-basin  that  lies  within  the  Metro  service  area. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

Issaquah  Creek  and  its  tributaries  are  well  defined,  although  over- 
grown with  small  trees  and  brush  in  many  places.  The  streams  follow  natural 
channels  except  where  they  have  been  altered  to  accommodate  roadways,  and 
are  generally  in  a natural  condition,  except  where  residential  development 
in  Issaquah  and  surrounding  developments  have  encroached  upon  the  banks. 

The  main  channel  of  Issaquah  Creek  meanders  through  the  City  of  Issaquah 
where  it  has  been  incorporated  into  neighborhood  landscapes  and  plays  an 
integral  part  in  the  city  drainage  system.  The  further  upstream  one  travels, 
the  less  encroachment  can  be  found,  and  at  the  source  of  Holder  and  Carey 
Creeks  the  land  is  totally  undeveloped. 
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Issaquah  Creek  is  considered  a valuable  fisheries  resource  and  supports 
an  annual  run  of  Chinook  and  coho  salmon.  The  Stat-  Department  of  Fisheries 
operates  a fish  hatchery  on  the  main  channel  of  the  creek  within  the  city 
limits  of  Issaquah. 

Most  of  the  problems  found  in  this  sub-basin  are  in  the  vicinity  of 
the  City  of  Issaquah.  Flooding,  erosion,  sedimentation,  and  debris-deposits 
along  the  main  channel  of  Issaquah  Creek  have  caused  problems  for  individuals 
and  the  comnunity  as  a whole.  Urbanization  of  Squak  Mountain  has  increased 
tne  rate  of  runoff  in  the  portion  of  the  creek  that  passes  through 
Issaquah,  and  a newly-constructed  bridge  within  the  city  limits  has  caused 
a constriction  that  creates  backup  and  subsequent  roadway-flooding  during 
heavy  rains. 

Urban  growth  also  has  taken  its  toll  along  the  North  Fork  of  Issa- 
quah Creek.  It  causes  greater  flows  than  would  be  expected  in  natural  con- 
ditions, with  erosion  of  hillsides  and  subsequent  delta  formation. 

In  the  undeveloped  portions  of  the  sub-basin,  particularly  the  south- 
ern end,  concerns  are  primarily  with  debris  deposits  carried  downstream  during 
heavy  rains  and  the  natural  erosion  that  occurs  in  the  wet  winter  months. 

In  terms  of  water  quality,  the  Issaquah  Creek  Sub-Basin  is  generally 
considered  good.  However,  there  are  two  significant  problems  that  should 
be  considered  in  future  planning;  leachate  draining  into  the  main  channel 
of  Issaquah  Creek  from  the  Cedar  Hills  landfill,  and  sediment  released  from 
the  gravel  pit  north  of  the  1-90  corridor  during  periods  of  heavy  rainfall. 

An  ERA  Grant  has  been  prioritized  by  DOE  for  King  County  to  pump  the  leachate 
to  the  Metro  sewer  system. 

One  of  the  newly  emerging  problems  in  this  sub-basin  comes  as  a res- 
ult of  urbanization.  Development  is  proceeding  at  a rapid  rate  in  the  south- 
west quarter  of  Issaquah,  with  little  consideration  being  given  proper  drain- 
age. Runoff  flows  through  open  roadside  ditches,  and  both  erosion  and  down- 
stream sedimentation,  are  becoming  serious.  Similar  activities  are  occuring 
elsewhere,  but  not  with  the  same  intensity. 

Another  future  problem  that  has  received  considerable  attention  con- 
cerns construction  of  1-90  east  of  Issaquah.  The  major  impact  of  this  work 
will  be  on  the  East  Fork  of  Issaquah  Creek  and  means  are  now  being  developed 
by  the  Highway  Department,  in  cooperation  with  the  State  Department  of  Fish- 
eries, to  see  that  the  creek  is  preserved  and  that  the  salmon  run  is  main- 
tained. 


Both  the  year  2000  Comprehensive  and  Corridor  land  use  plans  project 
an  increase  in  impervious  land  area  within  the  sub-basin  from  an  existing 
5X  to  approximately  lOX.  While  this  represents  a sizable  increase  over 
existing  land  use,  the  level  of  development  will  be  far  behind  that  experienced 
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in  the  more  urban  sub-basins  of  the  Puget  Sound  Region  and  should  allow  Issa- 
quah  Creek  to  continue  as  the  main  carrier  of  storm  water  runoff. 

The  results  of  hydrologic  analysis  indicate  no  significant  differ- 
ence between  the  Comprehensive  and  Corridor  Land  Use  Plans.  Therefore, 
the  drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

As  part  of  the  RIBCO  planning  effort,  numerous  public  meetings  were 
conducted  throughout  the  Cedar  and  Green  River  basins  to  obtain  public  in- 
put as  to  local  problems  and  concerns.  Engineering  alternatives  were  pre- 
sented at  these  meetings  and  comments  were  solicited  regarding  the  accept- 
ability of  the  various  solutions.  These  comnents  were  then  considered 
in  developing  solutions  and  alternative  plans  as  presented  below.  A special 
meeting  was  not  conducted  within  the  Issaquah  Creek  Sub-Basin  however. 

A special  flood-hazard  information  report  for  Issaquah  and  Tibbetts 
Creeks  was  prepared  by  the  Corps  of  Engineers  in  1971  by  request  of  the 
Washington  State  Department  of  Ecology.  The  report  contains  aerial  maps 
and  water-surface  profiles  that  indicate  the  extent  of  probable  flooding 
in  the  Issaquah  area  for  an  eight-mile  reach  of  Issaquah  Creek,  and  the 
lower  one  mile  of  the  North  and  East  Forks  of  Issaquah  Creek.  The  -report 
concluded  that  zoning  should  be  utilized  to  select  appropriate  use  for  flood- 
prone  areas,  and  that  a floodway  should  be  established  that  would  be  main- 
tained free  of  obstructions  and  have  capacity  to  pass  the  selected  flood. 
Developments  will  be  allowed  in  the  floodway  fringe  only,  provided  they  com- 
ply with  certain  regulatory  controls  regarding  minimum  floor  elevations  and 
flood-proofing  provisions. 

The  City  of  Issaquah  has  recognized  the  problems  associated  with 
Issaquah  Creek  and  recently  established  a Flood  Hazard  Zone  within  the  city 
limits  that  requires  building  setbacks  and  building-height  limitations  along 
the  creek. 

Other  planning  efforts  in  this  sub-basin  include  a Comprehensive  Land 
Use  Plan  being  prepared  by  the  Issaquah  Planning  Department  for  flood  control. 
King  County's  1964  Comprehensive  Plan  and  an  Urban  Trails  Plan  completed  in 
^ 1971  that  shows  a system  of  trails  in  the  Issaquah  Valley. 

To  date  there  is  no  coordinated  effort  between  King  County  and 
the  City  of  Issaquah  to  arrive  at  any  solutions  to  drainage  problems  in 
this  sub-basin. 

Staff  members  from  King  County  Public  Works  Department,  Hydraulics 
Division,  have  reviewed  the  initial  alternative  plans  for  drainage  developed 
by  this  RIBCO  Study  for  Issaquah  Creek. 


ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  Issaquah  Creek  Sub-Basin,  as  described 
by  local  agencies,  was  evaluated  by  computer  simulation  that  applied  the 
region's  10  year  storm  to  P.S.G.C.  year  2000  land  use.  Drainage  problems 
thus  identified  were  analyzed  and  possible  solutions  were  provided  in  the 
development  of  alternative  plans  for  drainage  control  as  described  below. 

ALTERNATIVE  PLAN  I 


General  Concept 

The  alternative  calls  for  increasing  the  size  of  surcharged  channels, 
construction  of  storm  sewers  in  areas  requiring  a planned  drainage  system, 
and  protection  of  natural  streams  when  such  work  would  be  necessary  to 
control  erosion. 

Major  Features 


The  most  significant  single  element  of  this  plan  is  a storm  trunk 
system  proposed  within  the  City  of  Issaquah  to  serve  the  Wildwood  and  Mountain 
Park  developments.  Such  a system  would  reduce  erosion  in  the  roadside  ditches 
and  prevent  other  runoff  related  damage. 

Also  included  in  this  alternative  is  protection  of  a portion  of  the 
North  Fork  of  Issaquah  Creek  just  upstream  from  East  Sammamish  Road  which 
would  involve  rip-rap  in  selected  areas  that  are  now  subject  to  scouring 
and  drop  structures  positioned  to  reduce  velocities.  In  the  past,  the  North 
Fork  created  flooding  problems  in  the  area  adjacent  to  1-90,  but  in  recent 
months  new  culverts  were  installed  that  alleviate  much  of  the  problem,  and 
in  the  near  future  more  construction  is  planned  to  increase  the  capacity  of 
the  channel  itself. 

Some  channel  improvements  are  recommended  for  the  area  where  Issaquah 
Creek  passes  through  the  Sycamore  development  in  the  south  end  of  the  city. 
Channel  modifications  sufficient  to  pass  the  10-year  storm  would  be  minimal, 
primarily  entailing  the  flattening  of  channel  banks.  To  pass  more  severe 
storms,  however,  channel  sizes  would  need  to  be  enlarged. 

Cost 


The  cost  for  Alternative  Plan  I is  estimated  to  be  $500,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

An  alternative  to  a strictly  conventional  storm  sewer  in  this  sub- 
basin is  the  concept  of  detention  storage  and  controlled  release.  This 
technique  is  roost  applicable  in  the  area  north  of  1-90  that  is  tributary  to 
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the  North  Fork  of  Issaquah  Creek.  Storage  on  a large  scale  may  not  be 
applicable  in  other,  steeper  areas  in  the  sub-basin,  although  many  small 
storage  areas  in  residential  developments  would  perform  the  same  function. 
Where  large-scale  storage  is  not  available,  this  alternative  considers  only 
the  storm  sewer  solution  such  as  in  the  case  of  Wildwood  and  Mountain  Park 
in  Issaquah.  In  presently  unplatted  and  undeveloped  areas,  small  holding 
ponds  should  be  considered  before  new  construction  is  permitted. 

Major  Features 


As  with  Alternative  Plan  I,  this  plan  includes  a storm  trunk  sewer 
to  serve  the  newly  developed  residential  areas  in  Issaquah.  However,  in- 
stead of  extensive  erosion-control  facilities  on  the  portion  of  the  North 
Fork  of  Issaquah  Creek  just  upstream  from  1-90,  a large  storage  pond  is 
proposed  with  a volume  of  approximately  18  acre  feet  and  a release  rate  of 
20  cubic  feet  per  second.  This  would  result  in  creek  flows  similar  to  what 
might  be  expected  if  the  sub-basin  were  totally  undeveloped. 

Included  in  this  plan  are  channel  improvements  along  Issaquah  Creek 
in  the  vicinity  of  the  south  city  limits  as  previously  described. 

Cost 

The  cost  of  Alternative  Plan  II  is  estimated  to  be  $500,000. 

PEAK  FLOW  COr^ARISONS 

The  following  table  indicates  10-year  peak  flows  with  existing  facil- 
ities and  with  alternative  drainage  management  solutions  for  the  year  2000. 
The  peak  flows  are  given  for  location  as  indicated,  as  well  as  at  the  point 
of  discharge  into  Lake  Sanmamish. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  per  Second) 

Existing  Alternative  Alternative 

Location Facilities Plan  I Plan  II 


Clark  Street  Bridge 

1,000 

1,000 

1,000 

East  Fork  at  Main  Channel 

300 

280 

280 

North  Fork  at  Main  Channel 

200 

200 

100 

Lake  Sammamish 

1,500 

1,425 

1,425 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  determine  the  applicability  of  the 
suggested  sltemative  plans  for  this  sub-basin.  This  process  was  followed 
throughout  the  RIBCO  Study  in  developing  alternative  plans  for  the  various 
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regional  sub-basins.  The  inspections  were  based  on  the  alternative  evalua- 
tion procedure  which  identified  34  unique  criteria  grouped  in  general  cat- 
egories as  follows:  1)  Effectiveness,  2)  Human  Values,  3)  Environmental 
Factors,  4)  Implementation,  and  5)  Resource  Requirements.  The  various  struc- 
tural solutions  were  checked  against  the  appropriate  criteria  and  the  various 
non-structural  solutions  were  reviewed  for  their  relationship  to  existing 
and  probable  future  developments.  The  criteria  rating  total  for  Alter- 
native Plan  I,  which  employs  channelization,  diversion  and  minor  strcamljank 
protection,  was  a plus  14  on  a scale  ranging  from  a positive  total  of  108 
to  a negative  total  of  108.  The  total  evaluation  rating  for  Alternative 
Plan  II,  which  employs  storage,  channelization,  and  diversion,  was  also 
a plus  14. 

Both  alternative  plans  were  judged  to  be  generally  equal  due  to  the 
limited  amount  of  storage  available  in  the  sub-basin.  Both  alternatives 
registered  positive  ratings  for  effectiveness  and  both  preserved  human  values 
to  a small  degree.  Neither  alternative  is  believed  to  significantly  alter 
environmental  factors  and  neither  alternative  has  any  significant  resource 
requirement.  Because  of  the  coordination  between  King  County  and  the  City 
of  Issaquah  that  would  be  necessary  to  implement  either  alternative,  both 
alternatives  are  judged  to  be  equally  difficult  for  implementation.  Neither 
alternative  should  affect  the  fishery  potential  of  Issaqaah  Creek. 

Because  the  two  alternative  plans  rely  upon  relatively  modest  struc- 
tural solutions  to  solve  future  runoff  problems,  there  does  not  appear  to 
be  a great  urgency  for  implementation  of  any  element  contained  within  the 
plans.  Probably  more  significant  than  any  future  problems  that  may  arise 
in  the  sub-basin,  is  the  treatment  given  to  the  1-90  construction  work  now 
in  progress  within  the  sub-basin  and  the  alleviation  of  sedimentation/si Itation 
runoff  from  existing  gravel  pits.  Fortunately,  the  Issaquah  Creek  Sub-Basin 
is  not  expected  to  realize  rapid  urbanization  and  the  stream  should  be  able 
to  accomnodate  future  growth  with  relatively  minor  alterations. 

CONCLUSIONS 


There  is  no  clearly  superior  alternative  for  this  sub-basin.  The  pro- 
posed methods  of  acconinodating  projected  future  storm  runoff  in  either 
alternative  plan  are  similar  enough  so  that  there  appears  to  be  no  need 
for  immediate  action. 

King  County  and  the  City  of  Issaquah  should  establish  an  effective 
agreement,  however,  for  development  of  a master  drainage  plan.  Both  agencies 
would  then  need  to  move  to  implement  the  master  plan  within  their  own  juris- 
dictions. The  basic  issue  appears  to  be  which  agency  or  agencies  will  have 
jurisdiction  and  overall  responsibility  for  control  of  urban  drainage  and 
related  flood  damage  problems.  While  the  largest  portion  of  the  sub-basin 
lies  within  King  County,  the  City  of  Issaquah  is  projected  to  have  the  most 
runoff  problems.  King  County  should  have  responsibility  for  control  of  drain 
age  and  flood  damage  within  the  Issaquah  Creek  Sub-Basin,  and  the  City  of 
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Issaquah  and  King  County  should  exercise  control  of  zoning,  including  flood 
plain  zoning,  within  their  respective  boundaries  and  concurrent  jurisdiction 
in  outer  fringe  areas  of  the  City.  This  may  require  some  amendments  to  State 
laws  and  local  ordinances. 


RUNOFF  QUALITY  SUMMARY 
ISSAQUAH  CREEK 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  wnich  is  in  MPN/100  ml. 
**  Alternative  plans  effect  water  quality  equally. 


E¥ALUATION  MATRIX  . issaquah  creek 


HIBCO  URBAN  RUNOFF  AND  BASIN  ORAINAOE  STUDY 


El  I ME  NT 
NUMBER 


EXISTING  EACH  ITIIS 

PIPE  DIAMETER  CHANNEL  MAX 

OH  CHANNEL  SIDE  SLOPES  DEPTH  OF 

TYPE  BOTTOM  WIDTH  lENGTH  |h,„„  Verl  I CHANNEL 


s.jhRj^m  Issaqudh  Creek 


PROPOSED  FACILITIES 


Diversion  18" 
Pipe  I , 300 ' 


ESTIMATED 
CAPITAL  COST 


$39,000 


206  None 


Diversion  121" 
Pipe  12,800' 


$101 ,000 


203  None 


204  INone 


205  Wone 


Diversion  24" 
Pipe  1,000' 


Diversion  15" 
Pipe  700' 


Diversion  18" 
Pipe  1,500* 


$45,000 


Channel 

Streambank  protection 
and  drop  structures 

$20,000 

Channel 

20'  width  ' 

4'  depth 

2:1  side  slopes(1ncl odes 
channel  cleaning) 

$37,000 

45 



Channel 

32' 

4,200' 

1:1 

4' 

Channel 

32'  width 
4'  depth 

2:1  side  slopes(includes 
channel  cleaning) 

$18,000 

Thf  Capital  Cost  for  each  element  includes  Contractor  profit, 

»*nyineerinq.  legal  and  contingencies  In  addition,  land  purchase  and 
severance  costs  are  mcludert  where  land  is  required  All  costs  are  based 
upon  June  1973  prices 

Total  Estimated  Capital  Cost 
Round  To 

$450,000 

$500,000 

Rieco  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aite<™i,ve  -U Sub  Bas.n  Issaquah  Creek 


! 

ELEMENT 

NUMBER 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHori2  Vert  ) 

MAX 

depth  of 

CHANNEL 

TYPE 

estimated 
capital  COST 

201 

None 

Diversion 

Pipe 

18" 

1,300' 

$39,000 

202 

None 

Diversion 

Pipe 

21" 

2,800' 



SI  01. 000 

203 

1 

None 

Diversion 

Pipe 

24" 

1,000' 

$42,000 

204 

None 

Diversion 

Pipe 

15" 

700' 

— 

S18.000 

205 

None 

Diversion 

Pipe 

18" 

1,500' 

$45,000 

206 

None 

Diversion 

Pipe 

24" 

3,100' 

$130,000 

Hoi  ding 
Pond 

18  AF 

$44,000 

71  n 

— 

Channel 

20' 

8.400' 

mm 

Channel 

20'  width 
4'  depth 

2:1  side  slopes(includes 
Channel  cleanino) 

$37,000 

45 

Channel 



32' 

4,200' 

1:1 

J 

4' 

Channel 

32'  width 
4'  depth 

2:1  side  si  opes (Includes 
channel  cleaning) 

$18,000 

The  E Capital  Cost  fof  each  eieTient  includes  Contractor  prof  it 

•mqineerinq,  legal  and  contingencies  In  addition,  land  purchase  and 
severar^c  costs  are  included  where  larxt  is  required  All  costs  are  based 
upon  June  1973  prices 


Total  Estirnated  Capital  Cost 
Round  To 


$474,000 

$500,000 
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KCN-WRE/YTO  SEATTLE  WASH  F/6  8/8 

ENVIRONMENTAL' PLANNIN8  FOR  THE  METROPOLITAN  AREA  CE0AR-8REEN  RI— ETC(U) 
DEC  74  DACW67-7S-C-0022 
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REGIONAL  SUB-BASIN  C-4 


LAKE  SAMMAMISH 


GENERAL  DESCRIPTION 


This  sub-basin  encompasses  the  total  Lake  Sanmamish  drainage 
area  except  the  Issaquah  Creek  Sub-Basin.  In  all,  there  are  13  creeks 
discharging  into  the  lake,  all  but  two  are  unnamed,  and  drain  relatively 
small  areas.  Tibbetts  Creek,  that  drains  the  western  side  of  Squak 
Mountain  and  the  eastern  side  of  Cougar  Mountain,  is  the  largest  stream 
in  this  sub-basin.  It  drains  four  square  miles  and  discharges  to  Lake 
Sammamish  at  the  southern  end  west  of  Issaquah  Creek. 

Land  use  in  this  sub-basin  is  very  diversified.  It  ranges  from 
almost  totally  undeveloped  land  in  the  south  to  dense  residential  deve- 
lopment on  the  west.  East  of  the  lake,  the  land  rises  rapidly  to  a pla- 
teau with  elevations  that  range  from  350  feet  to  500  feet.  This  area  is 
lightly  developed  at  present,  the  greatest  concentration  of  homes  are  in 
the  vicinity  of  Pine  Lake  and  Beaver  Lake.  Industrial  and  commercial 
areas  are  concentrated  at  Eastgate  along  the  1-90  corridor,  and  at  the 
foot  of  Squak  Mountain  along  the  banks  o^  Tibbetts  Creek. 

Future  residential  development  is  expected  on  both  sides  of  Lake 
Sammamish.  The  area  of  greatest  potential  is  the  Pine  Lake  plateau  that 
will  be  in  great  demand  once  the  1-90  corridor  into  Seattle  is  completed 
and  east  side  travel  is  simplified.  It  also  is  likely  that  commercial 
and  industrial  growth  will  expand  both  in  the  Eastgate  area  and  in  the 
Tibbetts  Creek  area.  The  latter  is  presently  developing  rapidly  and  will 
eventually  incorporate  the  entire  flood  plain  of  Issaquah  Creek  and 
Tibbetts  Creek. 

PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land  Use 

Existing 

(1970-72) 

P.S.G.C.  Land 
Comprehensi  ve 

Use  Projection 
Corridor 

Single  Family 

13 

25 

25 

Multiple  Family 

5 

7 

7 

Comnerci a 1 /Servi ces 

2 

4 

4 

Govt,  and  Educ. 

<1 

1 

1 

Industrial 

2 

4 

4 

Parks/Oedicated  Open  Space 

10 

5 

5 

Agriculture 

10 

6 

6 

Land  Use 

Existing 

(1970-72) 

P.S.6.C.  Land 
Comprehensi  ve 

Use  Projection 
Corri dor 

Airports,  Railyards, 
Freeways,  Highways 

< 1 

1 

1 

Unused  Land 

35 

25 

25 

Water 

22 

22 

22 

Total 

100 

100 

100 

Total  Impervious  Area 

15 

25 

25 

Jurisdiction  in  this  sub-basin  is  divided  between  three  incorpora- 
ted cities  and  King  County.  The  county  ha*'  formed  West  and  Southwest 
Lake  Satrmamish  Flood  Control  Zone  Distn  *•  at  encompass  most  of  the 
west  side  drainage  to  the  lake.  In  the  end  of  the  sub-basin,  part 

of  Tibbetts  Creek  flows  through  the  City  o.  .ssaquah  on  the  west  side 
of  Lake  Sammamish,  the  south  portion  of  the  sub-basin  is  in  the  City  of 
Bellevue,  except  for  a small  area  in  Eastgate  and  along  Phantom  Lake 
that  is  within  the  boundaries  of  the  FCZD,  and  the  north  end  is  in  the 
City  of  Redmond.  The  remainder  of  the  sub-basin,  (75%),  including  the 
entire  east  side,  is  within  the  jurisdiction  of  King  County,  including 
a small  piece  of  land  on  the  southern  end  that  encompasses  Lake  Sammamish 
State  Park. 

The  area  west  of  Lake  Sammamish  is  within  the  service  area  of 
fietro.  The  City  of  Issaquah  sewer  system  will  discharge  to  Metro  by 
contract  as  eventually  may  the  Pine  Lake  area. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


Although  this  sub-basin  is  developed  to  a substantial  degree,  es- 
pecially on  the  west  side  of  Lake  Sammamish,  drainage  generally  flows 
through  open  ravines  to  the  lake.  Creeks  in  these  ravines,  in  many  cases, 
have  been  badly  eroded  because  of  heavy  runoff  generated  upstream,  but 
only  in  few  cases  have  conduits  replaced  natural  drainages.  In  new  deve- 
lopments, storm  sewers  have  been  Installed,  but  they  still  discharge  to 
ravines  and  often  cause  increased  erosion.  The  streams  and  rivulets 
tributary  to  Tibbetts  Creek  largely  are  in  their  natural  state.  However, 
in  the  lower  reaches  adjacent  to  the  developing  commercial  district, 
Tibbetts  Creek  has  been  channelized. 

East  of  Lake  Sammamish,  the  streams  have  their  headwaters  in  bogs 
and  lakes  that,  in  most  cases,  have  not  as  yet  been  seriously  encroached 
upon  by  development.  In  a nunt)er  of  Instances,  development  has  occurred 
directly  adjacent  to  creeks  and  the  concurrent  increase  in  impervious 
area  has  generated  heavy  storm-water  runoff  that  has  caused  localized 
erosion. 
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DRAINAGE  PROBLEMS 


Most  of  the  problems  in  this  sub-basin  are  the  result  of  un- 
controlled upland  development.  As  hard,  impervious  surfaces  cover 
natural  terrain,  the  ability  of  the  ground  and  vegetation  to  absorb 
and  slow  the  rate  at  which  rain  runs  off  the  land  is  decreased  and  the 
resultant  excessive  flows  cause  stream  erosion  and  subsequent  lake- 
shore  sedimentation.  This  increased  flow  also  tends  to  carry  more 
than  a normal  amount  of  debris,  and  in  a number  of  cases,  problems 
caused  by  debris  deposition  have  been  reported. 

A sub -basin  problem  that  has  yet  to  be  identified  is  the  degree 
of  pollution  caused  by  storm-water  runoff.  About  four  miles  of  the  1-90 
corridor  drains  to  Lake  Sammamish,  as  does  approximately  17  miles  of 
perimeter  road  and  an  undetermined  length  of  residential  streets.  Also, 
increased  residential  development  brings  drainage  from  additional  arter- 
ials,  access  roads,  and  urban  installation.  Runoff  from  these  develop- 
ments carries  dirt,  oil  and  other  pollutants  to  the  lake.  To  date,  no 
specific  adverse  effects  have  been  identified,  but  in  the  future  this 
may  become  a significant  consideration. 

The  results  of  hydrologic  analyses  of  the  year  2000  Comprehensive 
and  Corridor  land-use  plans  indicate  no  significant  difference  between 
runoff  generated  by  the  two  plans.  Therefore,  the  drainage  alternatives 
presented  herein  are  applicable  to  both  plans.  The  existing  drainage 
problems  will  become  more  severe  because  of  increases  in  impervious  area 
and  faster  runoff.  The  total  impervious  area  in  this  sub-basin  with 
either  land-use  projection  will  increase  from  the  existing  15%  level  to 
approximately  25%  as  shown  in  the  table  of  projected  land  uses. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

Existing  planning  for  this  sub-basin  includes  a 1971  study  by  the 
Corps  of  Engineers,  and  Comprehensive  Plans  for  the  West  and  Southwest 
Lake  Samnamish  Flood  Control  Zone  District  developed  by  King  County  in 
1965.  The  Issaquah  Planning  Department  also  has  completed  a Comprehen- 
sive Land  Use  Plan  for  a portion  of  the  sub-basin  that  is  presently  being 
considered  for  adoption. 

The  Corps  study  area  included  the  lower  2.3  miles  of  Tibbetts 
Creek.  The  report  established  boundaries  of  a portion  of  the  flood  plain 
that  would  have  a one  percent  chance  of  being  exceeded  each  year.  The 
report  recomnended  that  development  be  regulated  within  a designated 
flood  plain. 

The  Southwest  Lake  Samnamish  Flood  Control  Zone  District  encom- 
passes the  Phantom  Lake  and  Eastgate  areas,  and  the  Comprehensive  Plan 
for  that  district  give  descriptions  of  storm-sewer  requirements  to  meet 
present  and  future  needs. 
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Other  general  planning  efforts  conducted  within  this  sub-basin 
include  the  1964  King  County  Comprehensive  Plan  for  Flood  Control  pre- 
pared by  the  King  County  Department  of  Public  Works,  Division  of  Hydrau- 
lics, and  an  Urban  Trails  Plan  developed  in  1971  by  the  King  County 
Department  of  Planning. 

Staff  members  from  King  County  Public  Works  Department,  Hydrau- 
lics Division,  and  the  Redmond  Public  Works  Department  have  reviewed 
the  initial  alternative  plans  for  drainage  developed  by  this  RIBCO 
Study  for  Lake  Satmiamish  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  Lake  Sammamish  Sub-Basin,  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  tne  region's  ten-year  storm  to  the  year  2000  land  use.  Drainage 
problems  thus  identified  were  analyzed  and  possible  solutions  were  pro- 
vided in  development  of  alternative  plans  for  drainage  control  as  de- 
scribed below. 

ALTERNATIVE  PLAN  I 


General  Concept 

Alternative  Plan  I provides  conventional  treatment  of  the  drainage 
projlems  in  this  sub-basin  including  enlarged  channels,  enlarged  conduits 
and  streambank  protection  in  areas  where  erosion  is  or  could  become  a 
problem. 

Major  Features 

On  the  west  side  of  the  lake,  the  primary  facilities  recommended 
are  storm  sewers  to  replace  existing  undersized  lines.  Diversion-type 
piping  systems  would  serve  downstream  from  Phantom  Lake  as  well  as  from  the 
Eastgate  Shopping  area.  The  plans  for  both  areas  are  similar  to  those  de- 
veloped by  the  Southwest  Lake  Sanmamish  Flood  Control  Zone  District  except 
it  is  recommended  here  that  construction  be  limited  to  public  right-of-ways 
instead  of  stream  beds  wherever  possible.  This  would  serve  to  allow  for 
proper  drainage  and  preservation  of  the  creeks  themselves. 

On  the  east  side  of  the  lake,  the  primary  problem  is  erosion  of 
the  streambanks  on  the  steep  hillsides.  This  alternative  proposes  stream- 
bank  protection  and  construction  of  drop  structures  at  intervals  along  the 
stream  to  slow  velocities  and  reduce  scouring.  Some  channel  widening  also 
is  proposed  downstream  from  Beaver  Lake. 

In  the  Tibbetts  Creek  area  the  proposed  facilities  involve  primarily 
channel  widening  and  culvert  construction  to  allow  greater  flows  to  pass 
directly  to  Lake  Sammamish. 


Cost 


The  cost  for  Alternative  Plan  I is  estimated  to  be  $2,200,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

Alternative  Plan  II  considers  making  use  of  the  storage  and  con- 
trolled release  concept  in  urban  drainage  wherever  possible.  This  is 
particularly  applicable  to  the  areas  on  the  east  side  of  Lake  Sammamish 
where  land  is  still  relatively  undeveloped  and  the  topography  is  such 
that  it  would  be  relatively  simple  to  berm  and  use  lake  storage. 

This  alternative  also  considers  streambank  protection,  channel 
widening,  and  storm-sewer  construction,  particularly  on  the  west  side 
of  the  lake  where  other  alternatives  are  not  available. 

Major  Features 

The  major  features  in  Alternative  Plan  II  include  six  holding 
ponds  east  of  Lake  Sammamish  and  one  holding  pond  on  the  west.  Four  of 
the  seven  selected  sites  are  well  known  lakes  including  Phantom  Lake, 

Pine  Lake,  Beaver  Lake  and  Laughing  Jacobs  Lake.  In  each  instance,  the 
lakes  would  be  controlled  by  outlet  structures  so  that  the  lake  level 
would  not  adversely  affect  residential  use  of  the  surrounding  land. 

Storm  sewers  are  proposed  for  the  residential  areas  in  the  north- 
west portion  of  the  sub-basin,  and  in  the  southwest,  the  natural  channels, 
protected  with  rip-rap  would  be  used  instead  of  conventional  storm  sewers. 

In  Tibbetts  Creek  on  the  south  end  of  Lake  Sammamish,  the  only 
reasonable  alternative  solution  to  that  previously  proposed  would  be  to 
do  no  work  at  all  and  allow  the  flat  lands  to  flood  periodically.  Hov/- 
ever,  the  City  of  Issaquah,  as  previously  noted,  has  a Flood  Hazard  Zone 
Ordinance  that  will  soon  be  amended  to  include  Tibbetts  Creek.  If  prop- 
erly implemented,  this  ordinance  could  serve  to  control  development  in 
this  flood-prone  area.  Indications  from  preliminary  observations  are 
that  a portion  of  the  possible  floodway  is  already  built  upon  and  further 
construction  is  in  progress.  If  the  Flood  Hazard  Zone  Ordinance  is  to  be 
effective,  tne  impact  of  this  development  should  be  assessed  as  soon  as 
possible  and  further  development  in  the  floodway  should  be  halted.  Once 
tne  floodway  is  established,  existing  buildings  would  be  eligible  for 
flood  insurance  through  the  National  Flood  Insurance  Program. 

Because  of  recent  industrial  development  and  the  fill  material 
brought  in  to  serve  as  foundations  for  the  new  buildings,  the  actual 
floodway  area  is  difficult  to  determine.  Construction  has  taken  place  on 
the  east  side  of  Tibbetts  Creek  with  a possible  consequence  being  that 
tne  west  side  would  become  more  vulnerable  to  flood  waters.  If  that  is 
indeed  the  case,  it  may  be  most  practical  to  allow  present  development  to 
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continue  on  the  east  side  of  the  creek  and  dedicate  the  west  side  as 
a shallow  storage  pond  in  which  controlled  flooding  would  be  allowed. 
This  land  could  serve  as  open  space  for  recreational  purposes  during 
dry  periods.  Before  a decision  can  be  made  as  to  the  appropriate  step, 
a determination  should  be  made  relative  to  the  effect  of  the  industrial 
property  on  the  creek  and  the  boundaries  of  the  flood  plain.  For  pur- 
poses of  this  report,  it  will  be  assumed  that  channelization  of  the 
creek  as  described  in  Alternative  Plan  I will  be  implemented.  However, 
since  flood-plain  zoning  or  the  use  of  a controlled  floodway  would  cost 
less  than  channelization,  serious  consideration  should  be  given  to 
zoning  and  control  prior  to  further  construction  of  industrial  building, 
and  after  a determination  is  made  as  to  the  location  of  flooding 
limits. 


Cost 


The  cost  for  Alternative  Plan  II  is  estimated  to  be  $1,700,000. 
PEAK  FLOW  COMPARISONS 


The  following  table  indicates  10-year  peak  flo'ws  with  existing 
facilities  and  with  alternative  drainage-management  solutions  for  the 
year  2000. 


COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  per  Second) 


Location 

Existing 

Facilities 

Alternative 
Plan  I 

Alternative 
Plan  II 

Mouth  of 
Tibbetts  Creek 

225 

875 

875 

Mouth  of 

Channel  Draining 
Eastgate 

150 

480 

475 

Mouth  of  Channel 
Draining  Phantom  Lake 

100 

250 

70 

Mouth  of  Channel 
Draining  Beaver  Lake 

350 

850 

550 

ENVIRONfCNTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  the  applicability  of  the 
suggested  alternative  plans  for  this  sub-basin.  This  process  was 
followed  throughout  the  RIBCO  Study  for  development  of  alternative  plans 
for  the  various  regional  sub-basins.  The  inspections  were  based  upon 
the  alternative  evaluation  procedure  which  identified  34  unique  criteria 
grouped  in  general  categories  as  follows:  1)  Effectiveness,  2)  Human 
Values,  3)  Environmental  Factors,  4)  Implementatior\  and  5)  Resource  Re- 
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quirements.  The  various  structural  solutions  v/ere  checked  against  the 
appropriate  criteria  and  the  various  non-structural  solutions  were 
reviewed  for  their  relationship  to  existing  and  probable  future  develop- 
ments. The  criteria  rating  total  for  Alternative  Plan  I,  which  employs 
channelization,  streambank  protection,  diversion  and  enlarged  conduit, 
was  a minus  25  on  a scale  ranging  from  positive  108  to  negative  108.  The 
total  evaluation-rating  for  Alternative  Plan  II,  which  employs  storage, 
channelization,  streambank  protection,  and  enlarged  conduit,  was  a plus 
22. 

Both  alternatives  were  judged  to  be  effective  for  controlling 
storm  runoff  with  Alternative  Plan  II  receiving  a higher  rating,  primarily 
because  of  the  potential  for  erosion  and  sedimentation  control  and  system 
flexibility.  Both  alternatives  also  promoted  human  values  and  again 
Alternative  Plan  II  received  a higher  rating.  The  use  of  major  wetland 
storage  areas  should  enhance  the  urban  quality  of  this  sub-basin.  The 
two  alternative  plans  received  divergent  scores  for  environmental  factors 
with  Alternative  Plan  II  receiving  a positive  rating  because  of  the  poten- 
tial for  water  quality  control  and  the  assurance  of  low-flow  conditions. 
Alternative  Plan  I was  believed  to  be  detrimental  to  wildlife,  aquatic 
life  and  vegetation.  Both  alternative  plans  are  judged  to  be  relatively 
difficult  to  implement  because  of  the  numerous  jurisdictions  involved. 
Alternative  Plan  II  would  suffer  the  effects  of  inaction  as  it  relies 
upon  the  utilization  of  existing  wetlands  for  storage  areas.  If  these 
areas  are  not  secured  prior  to  development.  Alternative  Plan  II  would 
have  questionable  implementation  potential.  Alternative  Plan  II  was  rated 
superior  in  resource  requirements  although  it  involves  a trade-off  between 
a relatively  high  capital  cost  and  the  provision  for  multi-purpose  use  of 
land.  Alternative  Plan  I requires  an  extensive  commitment  of  energy  re- 
sources, land  and  capital. 

The  one  critical  element  in  Alternative  Plan  II  is  the  proposal  to 
use  natural  wetland  storage  areas.  This  treatment,  if  it  is  to  be  part  of 
the  chosen  alternative,  should  be  implemented,  as  an  early  organized  effort 
by  the  involved  agencies.  The  loss  of  these  wetlands  would  then  force  the 
use  of  more  structural  treatment  than  Alternative  Plan  II  can  accommodate. 
This  issue  should  be  brought  to  the  attention  of  all  citizens  and  their 
local  agencies. 

CONCLUSIONS 

Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I 
because  of  the  potential  for  use  of  major  existing  storage  areas.  It  does 
require  inmediate  action,  however  to  protect  and  preserve  these  natural 
amenities.  As  pointed  out  above,  this  action  would  require  coordination 
of  the  involved  agencies  in  the  Lake  Samnamish  Sub-Basin. 

King  County,  the  West  Samnamish  Flood  Control  Zone  District,  and  the 
cities  of  Bellevue,  Redmond  and  Issaquah  should  establish  an  effective 
agreement  for  a master  drainage  plan,  that  incoporates  the  provisions  of 
Alternative  Plan  II.  All  agencies  should  then  move  to  acquire  rights  to 
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the  necessary  holding  ponds  within  their  own  jurisdiction. 

The  basic  issue  appears  to  be  which  local  agency  or  agencies  will 
have  jurisdiction  and  responsibility  for  control  of  urban  drainage  and 
related  flood  damage  problems.  King  County  should  have  primary  reponsi- 
bility  for  control  of  drainage  and  flood  damage  and  the  involved  cities 
should  have  control  within  their  respective  boundaries. 
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# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RtBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 
« 1 Sub  Baiin  Lake  Sammainl  sh 


bXtSTINC 

5 FACILITIES 

element 

NUMBER 

1 TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
IBOTTOM  WIDTH 

1 LENGTH 

CHANNEL 
SIDE  SLOPES 
(Horu  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

PROPOSED  FACILITIES 


1 

73 

Pipe 

70 

Pipe 

64 

Pipe 

KOOO’  1:1 


34  Channel  8‘  700'  1:1 


Parallel 

Culvert 


Parallel 

Culvert 


ESTIMATED 
CAPITAL  COST 


Parallel 

Pipe 

36" 

$165,000 

Parallel 

Pipe 

1 

42" 

$95,000 

Parallel 

Pipe 

18" 

$30,000 

Parallel 

Pipe 

18" 

$78,000 

Parallel 

Pipe 

1 

54" 

$265,000 

01  version 
Pipe 

36" 

Diversion 

Pipe 

48" 

Diversion 

Pipe 

54" 

Diversion 

Pipe 

42" 

Diversion 

Pipe 

42" 

22'  width 
4 ' depth 
2:1  side  slopes 


22'  width 

4'  depth 

2:1  side  slopes 


32'  width 
4'  depth 
2:1  side  slopes 


$231 ,000 


$279,000 


22'  width 

Channel 

4'  depth 

2:1  side  slopes 

$22,DOO 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


EXISTING  FACILITIES 


CHANNEL  MAX 
SIDE  SLOPES  DEPTH  OF 


PROPOSED  FACILITIES 

TYPE 

estimated 

CAPITAL  COST 

Channel 

30'  width 

5 ' depth 

2:1  side  slopes 

$70,000 

Channel 

1 

16'  width 

4'  depth 

2:1  side  slopes 

$22,000 

Channel 

13'  width 
4'  depth 
2:1  side  slopes 

$16,000 

Channel 

8'  width 
4'  depth 
1 2:1  side  slopes 

$11 ,000 

i 

i 

1 

Channel  8'  width 
4'  depth 
2:1  side  slopes 


Channel  ! 

1 

Streambank  protection 
and  drop  structures 

$14,000 

Channel 

streambank  protection 
; and  drop  structures 

$14,000 

Channel 

Streambank  protection 
and  drop  structures 

$28,000 

Channel  | 

Streambank  protection 
and  drop  structures 

$27,000 

Channel 

Streambank  protection 
and  drop  structures 

$35,000 

Channel 

Streambank  protection 
2000'  only  and  drop 
structures 

$30,000 

Thf-  ( \timfiifKl  Cjpiljl  Co»i  Rh  4«ach  pliimenl  tmJurIn  Coniraclof  pfofit. 

lolal  E siiitMied  Capital  Cost 

$2,223,000 

wMjinwf  KM|.  Irqdl  <ttHl  ronimqrrK  In  ddkiilKin.  land  ptjrchdse  and 

Round  To 

$2,200,000 

1 r f fnlt  arp  included  whpfp  land  IS  rpf)iiired  All  costs  are  based 

1 iipon  June  1973  pfK-«s 

1 
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Riaco  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


EXISTING  FACILITIES 


Sub  BMinLake  Sainnami  sh 


PROPOSED  FACILITIES 


ELEMENT 
NUMBER  TYPE 


CHANNEL 

MAX 

SIDE  SLOPES 

DEPTH  OF 

LENGTH 

(Horiz  Vtrt ) 

CHANNEL 

35 

1 

Channel 

1 

Channel 

ESTIMATED 
CAPITAL  COST 


Parallel 

Pipe  36"  36" 


Parallel 

Pipe  42"  42" 

Parallel 

Pipe  18"  18" 


Parallel 
Pipe  18" 


Parallel 

Culvert  54"  54 


Parallel 

Culvert  15'  x 4' 


S95.000 


$30,000 


$26,000 


3'  Channel  Streambank  protection  $10,000 


3'  Channel  Streambank  protection  $10,000 


3'  Channel  Streambank  protection  $26,000 


3'  Channel  Streaihbank  protection  $22,000 


Channel  Streambank  protection  $18,000 


Channel  Streambank  protection 


22'  Nidth 
4'  depth 
2:1  side  slopes 


22'  width 
4'  depth 
2:1  side  slopes 


32'  width 
4'  depth 
2:1  side  slopes 
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Ailtfnativf 


il 


Sub  B...n  Lake  SaimaiTilsh 


EUVENT 

NUMBER 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  Width 

CHANNEL 
SIDE  SLOPES 
(Horu  VertJ 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

■ 

V 

2,000' 

1:1 

■ 

Channel 

30'  width 

5‘  depth 

2;1  side  slopes 

$70,000 

■ 

■ 

(Beav 

ir  Lake) 

Holding 

Pond 

25  AF 

$78,000 

96 

None 

1 

Holding 

Pond 



51  AF 

$58,000 

95 

None 

■ 

■ 

25  AF 

$60,000 

99 

None 

Holding 

Pond 

65  AF 

$94,000 

94 

None 

1 

Holding 

Pond 

31  AF 

$61 .000 

93 

Holding 

Pond 

27  AF 

$66,000 

98 

■ 

Holding 

Pond 

25  AF 

$75,000 

22 

Channel 

8' 

8,500‘ 
1 

1:1 

■ 

Channel 

Streambank  protection 

$305,000 

The  Estimated  Capital  Cost  lot  each  clement  includes  Contractor  profit.  Total  Estimated  Capital  Cost  $1  i728,000 

»nqioeering,  ieqa*  and  contingencies.  In  addition.  Jand  purchase  and  Round  To  $1  700  000 

severarKe  costs  are  -ncluded  where  larxj  is  required  AM  costs  are  based 
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REGIONAL  SUB-BASIN  C-5 


EVANS  CREEK 


GENERAL  DESCRIPTION 

The  Evans  Creek  Sub-Basin,  north  of  Lake  Sammamish  and  east  of 
the  Sanmamish  River  in  the  Cedar  River  basin,  is  approximately  13  miles 
long  and  three  and  a half  miles  wide.  It  is  bounded  on  the  north  and  east 
by  the  Cedar  River  and  the  Snoqualmie  River  divide,  by  Lake  Sannamish  and 
Redmond  on  the  south  and  by  Sanmamish  River  on  the  west.  The  sub-basin 
is  composed  of  two  basic  drainage  systems.  Bear  Creek  and  Evans  Creek. 

Bear  Creek  (Called  Bear  Creek  near  Redmond) 

The  Bear  Creek  drainage  area  is  orientated  in  a north-south  direction. 
The  sub-basin  is  bordered  by  the  Cedar  River-Snoqualmie  River  divide  on  its 
north  and  east,  the  Sammamish  River  on  the  west  and  the  Evans  Creek  water- 
shed on  the  south.  The  upper  portion  of  the  sub-basin  Is  characterized 
by  moderate  to  steeply  sloped  uplands  draining  into  flood  plains,  wetlands 
or  lakes.  The  lower  portion  of  the  watershed  differs  in  geologic  forma- 
tion and  exhibits  a widening  flood  plain. 

Bear  Creek's  drainage  system  is  composed  of  two  parallel  stream  and 
lake  systems  that  converge  approximately  three  and  a half  miles  northeast 
of  Redmond.  The  two  systems  are  the  Bear  Creek  and  the  Cottage  Lake  Creek 
drainage  systems.  Bear  Creek's  origin  is  Echo  Lake.  Bear  Creek  then  drains 
through  Paradise  Lake  and  is  joined  by  several  tributaries,  two  of  which 
are  Struve  Creek  and  Seidel  Creek,  before  being  met  by  Cottage  Lake  Creek. 
Little  Lake,  Crystal  Lake  and  its  associated  wetlands  are  the  origin  of  the 
Cottage  Lake  drainage  system.  Daniel  Creek,  the  upper-most  stream  of  the 
system,  drains  the  Crystal  Lake  area  into  Cottage  Lake.  Cottage  Lake  Creek 
drains  Cottage  Lake  and  after  being  joined  by  a tributary  from  Lake  Leota 
it  combines  with  Bear  Creek.  Bear  Creek  continues  flowing  south  to  join 
Evans  Creek  approximately  one  mile  northeast  of  Redmond.  The  combined 
Bear-Evans  Creek  flows  into  the  Sammamish  River. 

Evans  Creek 

The  Evans  Creek  watershed  drains  in  a northwesterly  direction. 

The  watershed  is  bordered  by  Bear  Creek  on  the  north,  the  Cedar  River- 
Snoqualmie  River  divide  on  the  east  and  the  Lake  Sanmamish  watershed  on 
the  west  and  south.  Evans  Creek  originates  in  Peterson  Pond,  northeast  of 
Lake  Sammamish  and  drains  south  into  a major  wetlands  area  below  the  Redmond- 
Fall  City  Road.  Evans  Creek  then  flows  northwesterly  to  join  Bear  Creek 
northeast  of  Redmond.  Evans  Creek  then  flows  southwest  parallel  to  SR-520, 
presently  under  construction,  to  drain  into  the  Sanmamish  River  south  of 
Redmond. 

Principal  streams  are  categorized  below. 
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Streams 

Category 

Drainage  Area 

Point  of  Discharge 

Daniels  Creek 

III 

2.0 

sq.  mi. 

Cottage  Lake 

Cottage  Lake  Creek  III 

12.7 

sq.  mi. 

Bear  Creek 

Struve  Creek 

III 

1.9 

sq.  mi. 

Bear  Creek 

Seidel  Creek 

III 

2.7 

sq.  mi. 

Bear  Creek 

Bear  Creek 

III 

12.4 

sq.  mi. 

Evans  Creek 

Evans  Creek 

I 

15.4 

sq.  mi. 

(above  confluence 
with  Bear  Creek) 

Present  development  in  the  Bear  Creek  sub-area  consists  of  scat- 
tered rural  single-family  residences  along  the  middle  and  upper  sections 
of  Bear  and  Cottage  Lake  Creeks.  Evans  Creek  sub-area  is  presently  rural 
single-family  residential  and  undeveloped  land.  Below  the  confluence  of 
Bear  and  Evans  Creeks,  land  use  is  agricultural,  industrial  and  recre- 
ational . 

Existing  and  predicted  land  use  within  the  sub-basin  is  summarized 

below: 


I 

I 

I 

,1 


PERCENT 

OF  SUB-BASIN  AREA 

IN  SPECIFIED  LAND  USE 

Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Use 

(1970-72) 

Comprehensive 

Corri dor 

Single  Family 

20 

64 

52 

Multiple  Family 

1 

Commerci al /Servi ces 

1 

1 

Govt,  and  Educ. 

1 

1 

Industrial 

3 

4 

Parks/Dedicated  Open 
Space 

5 

10 

10 

Agriculture 

10 

Airports,  Railyards, 
Freewa^ys,  Highways 
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Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Use 

(1970-72) 

Comprehensive 

Corridor 

Unused  Land 

64 

20 

30 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

5 

25 

20 

The  jurisdictions  involved  in  the  Evans  Creek  sub-basin  are: 

King  County,  70%  of  land  area;  Snohomish  County,  29%  and  Redmond  1%. 

The  sub-basin  is  partially  within  Metro's  service  area.  A King  County 
Flood  Control  Zone  District  has  been  formed  within  the  Evans  Creek 
watershed.  A citizens'  group.  The  Bear  Creek  Valley  Association,  has 
taken  active  interest  in  projects  within  the  sub-basin. 

Future  development  trends  indicate  general  urbanization  by 
single-family  residences  of  the  Bear  Creek  area.  The  lower  section  of 
Evans  Creek,  and  below  the  confluence  of  Evans  and  Bear  Creeks,  is 
expected  to  industrialize  with  a small  portion  of  the  area  to  remain  in 
recreational  and  single-family  residential  use.  Extension  of  State 
Route  520  into  Redmond  will  significantly  affect  urban  growth  within 
the  sub-basin. 

MATURE  OF  EXISTING  DRAINAGE  SYSTEM 

Evans  Creek  is  in  a relatively  natural  condition  except  for 
3500  feet  upstream  from  the  confluence  with  the  Sammamish  River  that  has 
been  channelized  and  will  be  parallel  to  the  new  section  of  SR  520. 

Evans  Creek  is  natural  except  for  occasional  road  culverts.  Crystal 
Lake's  elevation  is  controlled  by  abutting  property  owners.  This  con- 
trol also  affects  the  flow  of  Daniel  Creek.  Otherwise,  neither  stream 
has  been  channelized,  rip-rapped  or  otherwise  controlled  by  drainage 
structures  to  a significant  degree. 

This  drainage  system  is  a valuable  natural  resource.  Its  lakes 
and  wetlands  are  extensive  wildlife  habitats.  Bear  Creek  is  an  excel- 
lent producer  of  coho,  Chinook  and  sockeye  salmon  as  the  stream  system 
is  extensive  and  the  level  of  development  is  low.  Maximum  accessibility 
adds  recreational  value. 

DRAINAGE  PROBLEMS 

At  present,  the  sub-basin  is  relatively  free  of  significant  urban 
runoff  problems.  The  lower  section  has  high  water  tables,  but  the  cause 
is  natural.  Col i form  counts  in  Cottage  Lake  and  the  streams  are  high 
because  there  are  no  sewers  in  the  sub-basin  and  because  pastures  for 
horses  and  cattle  are  adjacent  to  the  streams. 
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Increased  development  in  the  sub-basin,  without  runoff  control, 
would  cause  flooding,  erosion  and  degradation  of  the  water  quality  due 
to  greater  stream-flow  fluctuations.  If  this  development  occurs  as 
projected  in  the  future  land-use  plans,  the  wetlands  of  both  Crystal 
Lake  and  Evans  Creek  will  be  lost. 

The  results  of  hydrologic  analyses  in  the  Evans  Creek  Sub-Basin 
indicate  no  significant  difference  between  the  Comprehensive  and  Corri- 
dor Land  Use  Plans;  therefore,  the  drainage  alternatives  presented  here 
are  applicable  to  both  plans. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

Presently,  the  three  agencies  that  have  urban  drainage  planning 
authority  in  the  Evans  Creek  Sub-Basin  are  King  County,  Snohomish  County 
and  the  City  of  Redmond.  King  County  has  prepared  a drainage  plan  for 
the  Evans  Creek  Flood  Control  Zone  District  that  proposes  conventional 
structures  such  as  creek  channels  and  closed  conduits,  but  lack  of  funds 
and  a low  County  priority  has  delayed  implementation  by  the  Evans  Creek 
Flood  Control  Zone  District.  The  County  intends  to  modify  this  plan  to 
accommodate  changes  in  the  sub-basin  before  its  implementation.  King 
County  is  working  with  the  citizens  adjacent  to  Cottage  Lake  in  an 
effort  to  control  the  lake  level.  The  Corps  of  Engineers  prepared  a 
Flood  Hazard  Information  Study  for  Redmond  and  King  County  in  1970  cover- 
ing the  combined  Evans-Bear  Creek  System. 

Because  development  in  the  Evans  Creek  Sub-Basin  is  not  yet  exten- 
sive, new  techniques  for  drainage  management  can  be  applied  effectively, 
including  runoff  control,  flood-plain  zoning  and  proper  land-use  plan- 
ning. Conversely,  if  development  brings  conventional  closed  conduits 
that  discharge  directly  to  the  streams  and  if  development  encroaches 
upon  the  flood  plain,  stream  channelization  will  be  required  that  will 
cause  significant  environmental  degradation. 

Members  from  the  King  County  Public  Works  Department,  Hydraulics 
Division,  the  Snohomish  County  Engineering  and  Planning  Departments, 
and  representatives  from  the  City  of  Redmond,  Public  Works,  Engineering 
and  Planning  Departments,  Jointly  reviewed  the  initial  alternative  plans 
for  drainage  development  of  this  RIBCO  Study  for  the  Evans  Creek  Sub- 
Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  the  Evans  Creek  Sub-Basin,  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  the  region's  10-year  storm  to  the  year  2000  land  use.  Drainage 
problems  thus  identified  were  analyzed  and  possible  solutions  were  pro- 
vided In  development  of  alternative  plans  for  drainage  control  as  des- 
cribed below. 
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The  two  major  alternative  plans  were  studied  for  solving  the  Evans 
Creek  drainage  problems.  The  first  made  use  of  holding  ponds  and  flood- 
plain  zoning  in  addition  to  runoff  control.  Description  of  these  two  alter- 
natives follows. 

ALTERNATIVE  PLAN  I 


General  Concept 

The  concept  consists  primarily  of  two  elements,  holding  ponds  and 
flood-plain  zoning.  It  does  not  make  use  of  the  conventional  urban  drain- 
age facilities  such  as  conduit  enlargement  and  streambank  protection. 

Major  Features 

Flooding,  as  indicated  by  computer  simulation,  began  in  all  up- 
stream elements  of  Evans,  Bear  and  Cottage  Lake  Creeks  and  progressed  down- 
stream. To  alleviate  this  flooding,  twelve  holding  ponds  are  used.  Two 
holding  ponds  are  located  on  Evans  Creek,  three  holding  ponds  are  located 
on  Bear  Creek,  one  holding  pond  is  located  on  Seidel  Creek,  a tributary  to 
Bear  Creek,  two  holding  ponds  are  located  on  Cottage  Lake  Creek,  and  four 
holding  ponds  are  located  on  its  tributaries.  The  locations  of  the  holding 
ponds  were  selected  so  that  they  occurred  in  natural  wetland  depressions, 
were  distant  from  major  residential  areas,  and  were  located  near  roads  to 
facilitate  construction,  operation  and  maintenance. 

Flood  plain  zoning  is  used  for  all  elements  on  the  main  streams  of 
Evans,  Bear  and  Cottage  Lake  Creeks. 

Costs 


Total  estimated  capital  cost  of  this  alternative  plan  is  $1,700,000. 
ALTERNATIVE  PLAN  II 

General  Concept 

The  concept  of  Alternative  Plan  II  would  be  identical  to  Alternative 
Plan  I except  that  land-use  controls  are  added. 

Major  Features 

The  most  significant  feature  of  this  alternative  is  that  of  land- 
use  control.  Development  is  restricted  in  the  sub-basin  so  that  runoff  is 
limited  to  approximately  the  same  runoff  that  would  occur  under  present 
conditions. 


Presently,  King  County  has  a storm  drainage  policy  for  land 
development  that  states '.'..drainage  plans  shall  provide  storm  water 
retention  facilities  so  that  peak  discharge  from  the  site  will  not  be 
increased  by  more  than  25%  due  to  the  proposed  development."  Even 
with  this  policy  in  force,  holding  ponds  and  flood-plain  zoning  will  be 
required  in  the  Evans  Creek  Sub-Basin. 

Holding  ponds  in  this  alternative  are  located  in  the  same  areas 
as  in  Alternative  Plan  I except  for  the  removal  of  the  one  holding  pond 
located  on  Seidel  Creek;  however,  all  others  will  be  resized  to  obtain 
adequate  capacity.  Flood-plain  zoning  also  will  be  used  for  the  elements 
in  Alternative  Plan  II  as  they  are  in  Alternative  Plan  I. 

Costs 


The  estimated  total  capital  costs  for  this  alternative  is  $900,000. 
PEAK  FLOW  COMPARISONS 


The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  under  drainage  management  solutions  for  the  year  2000. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 

Existing  Alternative  Alternative 
Location  Facilities  Plan  I Plan  II 


Cottage  Lake  Creek 
at  SR  202  & N.E.  55th  PI. 

100 

100 

100 

Cottage  Lake  Outflow 

120 

no 

90 

Cottage  Lake  Creek  at 
Bear  Creek 

130 

130 

130 

Below  Confluence  of  Bear 
and  Cottage  Lake  Creeks 

310 

310 

210 

Bear  Creek  at  Confluence 
of  Bear  and  Evans  Creeks 

310 

310 

190 

Evans  Creek  at  Confluence 
of  Bear  and  Evans  Creeks 

370 

370 

240 

Evans  Creek  Mouth 

750 

750 

540 
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ENVIRaNMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  the  applicability  of  the  sug- 
gested alternatives  for  this  sub-basin.  This  procedure  followed  through- 
out the  RIBCO  Study  for  development  of  alternative  plans  for  the  various 
regional  sub-basins.  The  inspections  were  based  upon  the  alternative 
evaluation  procedure  which  identified  3A  unique  criteria  grouped  in 
general  categories  as  follows:  1)  Effectiveness,  2)  Human  Values,  3)En- 

vironmental  Factors,  4)  Implementation,  and  5)  Resource  Requirements. 

The  various  structural  solutions  were  checked  against  the  appro- 
priate criteria.  The  various  non-structural  solutions  were  reviewed  for 
their  relationship  to  existing  and  probable  future  developments.  The 
criteria  rating  total  for  Alternative  Plan  I,  which  employs  holding  ponds 
and  flood-plain  zoning,  was  a plus  41  out  of  a possible  range  from  a 
positive  total  of  108  and  a negative  total  of  108.  The  total  evaluation 
rating  for  Alternative  Plan  II,  v/hich  employs  holding  ponds,  flood-plain 
zoning  and  runoff  control,  was  a plus  53. 

Both  alternative  plans  are  judged  to  be  effective  in  controlling 
drainage.  Both  plans  involve  certain  sacrifices  of  human  value  and 
numan  uses  of  the  plans  once  they  are  built.  Environmentally,  both 
alternative  plans  are  given  superior  ratings.  The  only  area  in  which  Al- 
ternative Plan  II  is  superior  to  Alternative  Plan  I is  in  the  area  of 
water  quality  wnereby  the  lower  flow  rates  in  Alternative  Plan  II  will 
improve  water  quality  due  to  decreased  erosion.  Neither  alternative  is 
part  of  present  planning  by  any  of  the  involved  agencies  and  therefore, 
extensive  cooperative  effort  on  their  parts  is  required  before  either 
plan  can  be  realized.  Both  of  the  alternative  plans  involve  commitments  of 
the  use  and  management  of  natural  resources  because  they  botn  employ  cer- 
tain structural  elements;  however.  Alternative  Plan  II  involves  consider- 
ably less  use  of  natural  resources  because  of  its  use  of  runoff  control. 

Because  Alternative  Plan  II  relies  on  flood  plain  zoning  and  runoff 
control  from  future  land  development,  this  treatment  combination,  if  it  is 
to  be  part  of  the  chosen  alternative,  should  be  implemented  as  an  early 
organized  effort.  Any  portion  of  the  sub-basin  that  develops  without  these 
combined  controls  will  require  more  structural  treatment  than  Alternative 
Plan  II  can  acconmodate.  This  issue  should  be  brought  to  the  attention 
of  all  citizens  and  their  local  agencies. 

CONCLUSIONS 

The  concept  presented  by  these  two  alternative  plans  is  not  the  only 
way  to  alleviate  flooding.  One  could,  for  example,  use  no  holding  ponds 
and  use  a diversion  pipeline  or  simply  excavate  and  concrete-line  a channel 
that  could  convey  the  design  flows.  This  concrete-line  concept,  used  pre- 
dominately during  the  past  decades,  is  presently  under  critical  review. 
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The  more  popular  and  contemporary  concept  of  inter-relating  a natural  creek  in 
the  environment  with  man-made  improvements,  provides  not  only  aesthetic  use- 
fulness but  also  a social  value.  Flood-plain  zoning  in  these  two  alternatives 
is  another  special  consideration.  Presently  many  of  the  residents  in  the 
Evans  Creek  Sub-Basin  already  have  flood-plain  zoned  their  property  by  build- 
ing their  homes  several  hundred  feet  from  the  main  stream  and  by  locating 
sheds  and  other  buildings  (that  could  be  flooded  occasionally  with  no  apprec- 
iable harm)  nearer  to  the  stream  channel. 

Both  of  these  concepts  provide  a viable  alternative  for  this  pre- 
dominately undeveloped  sub-basin  located  near  the  metropolitan  area  of  Seattle. 
The  holding  ponds  provide  not  only  a retention  facility  for  peak  flows  but 
also  tend  to  improve  the  quality  of  the  water.  Flood-plain  zoning,  which  can 
easily  be  implemented  because  of  the  undeveloped  land  in  this  sub-basin,  also 
is  a viable  method  for  minimizing  flooding  in  future  years. 

The  concept  of  land-use  controls,  which  result  in  runoff  control  as 
used  in  Alternative  Plan  II,  is  a concept  that  generates  many  advantages 
for  alleviation  of  drainage  problems.  First,  it  significantly  reduces  the 
cost  of  the  proposed  facilities  by  about  $800,000;  secondly,  the  reduced 
flow  rates  lessen  the  damage  due,  not  only  to  flooding,  but  also  water  quality 
such  as  sedimentation. 

King  County,  Snohomish  County  and  the  City  of  Recknond  should  estab- 
lish an  effective  agreement  for  development  of  a master  drainage  plan,  that 
incorporates  the  provisions  of  Alternative  Plan  II.  These  agencies  should 
then  move  to  implement  and  enforce  the  required  runoff  controls  and  flood- 
plain  zoning  within  their  own  jurisdictions. 
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RUNOFF  QUALITY  SUWi^RY 
EVANS  CREEK 
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# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 
Alternative  1 Sub  Basin  EVdOS  Cr66k 


EXISTING  facilities 

PROPOSED  FACILITIES 

KEMINT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

h- 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IMofi/  Vert  ) 

MAX 

depth  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

100 

None 

Holding 

Pond 

70  AF 
70  acres 
Outlet  pipe 
48" 

$414,000 

103 

None 

Holding 

Pond 

23  AF 
23  acres 
Outlet  pipe 
60" 

$148,000 

27 

Smell  leki 

with  urn 

on  trolled  out 

et 

Holding 

Pond 

2 AF 
Pump 

Outlet  pipe 
48" 

$33,000 

105 

None 

Holding 

Pond 

23  AF 
23  acre> 
Outlet  pipe 
48" 

$155,000 

108 

None 

Holding 

Pond 

8 AF 
8 acres 
Outlet  pipe 
42" 

$70,000 

no 

None 

Holding 

Pond 

23  AF 
23  acres 

$148,000 

The  Estimated  Capttai  Cott  lor  each  element  mcludei  Comractor  prolit. 
fVMjineerinq.  te^al  and  continganciei  In  addition.  larKi  purchaae  and 
severance  costs  are  mduded  where  land  it  required  All  costs  are  bated 
iipr>n  June  1973  pricet 


Total  Estimated  Capital  Cost 
Round  To 


$1,683,000 

$1,700,000 
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RIBCO  URBAN  RUNOfF  AND  BASIN  DHAINAGt  STUDY 
Anefn^tivp LI Suh  Hasm  Cvdns  C^eek 


i ^ existing  facilities 

PIPE  DIAMETER  CHANNEL  VAX 

ELEMENT  OR  CHANNEL  SIDE  SLOPES  DEPTH  OF 

NUMBER  TYPE  jBOTTOM  WIDTH  LENGTH  Ve„  ) CHANNEL  ’'VPf 


PROPOSED  FACILITIES 


115  |None 

I 


1 1 7 None 


Small  lake  with  un<^ntrolled  outllct 


105  1 

1 

j 

None  ' 

1 1 

1 

1 

1 

1 

1 

; 

no 

INone 

1 

! 

1 

i 

Small  lake  with  ungontrolled  outlet 


Small  lake]  with  uncontrolled  outljet 


Small  lake  with  ungontrolled  outlet 


Holding  ;i8  AF 
Pond  18  acres 

Outlet  pipe 


Holding  6 AF 

Pond  6 acres 

Outlet  pipe 


Holding  jS  AF 
Pond  '5  acres 

Outlet  pipe 


Holding  ,1  AF 
Pond  jPump 

lOutlet  pipe 


iLri 


Holding  |1  AF 
Pond  I Pump 

, Outlet  pipe 
1 36" 


Holding  3 AF 

Pond  3 acres 

Outlet  pipe 

^ 

Holding  18  AF 

Pond  Pump 

Outlet  pipe 


ESTIMATED 
CAPITAL  COST 


Holding 

Pond 

28  AF 
28  acres 
Outlet  pipe 

48' 

$182,000 

Holding 

Pond 

6 AF 
6 acres 
Outlet  pipe 
60" 

2 AF  1 

Pump  i 

Outlet  pipe  | 

$59,000 

Holding  ^ 
Pond 

$33,000 

$123,000 


8 AF 

$70,000 

8 acres 

Outlet  pipe 

$59,000 


$218,000 


$33,000 


$33,000 


$44,000 


$33,000 


The  I ttimaied  Capital  Co»l  lot  rtenMfni  inrliKln  Contfartw  profit 
|ipq«i  and  c«>nt<n9»nofn  lr$  add«lM>n.  larvi  ptirrhav  ar>d 
v¥«ranr  a rmu  arv  mclubvd  whprp  larvi  rf  required  All  costs  are  l>ased 
■ipon  Jiifw  19/3  prices 


fotal  Eslirr$aled  Capital  Cost  $887«000 

Rournf  To  $900|000 
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REGIONAL  SUB-BASIN  C-6 


BEAR  CREEK 


GENERAL  DESCRIPTION 


The  Bear  Creek  Sub-Basin  is  located  northeast  of  Lake  Washing- 
ton and  north  of  Woodinville  in  the  Cedar  River  Basin.  The  sub- 
basin is  oriented  in  a north-south  direction.  It  is  bordered  on  the 
north  by  the  Cedar  River  Basin-Snohomish  River  Divide,  on  the  south  by 
Woodinville,  on  the  east  by  Clearview  and  Maltby  and  on  the  west  by 
Bear  Creek-North  Creek  Divide.  State  Route  202,  Woodinville  to  Monroe, 
crosses  Bear  Creek  in  its  lower  reach  and  parallels  the  creek  for  approx- 
imately two  miles.  The  sub-basin  is  approximately  eight  miles  long  and 
two  miles  wide. 

The  sub-basin  is  mostly  wooded  and  largely  in  a natural  condition. 
It  has  moderate  to  mildly  sloping  uplands  that  descend  abruptly  to  Bear 
Creek  in  the  upper  half  of  the  sub-basin.  The  lower  portion  has  steep- 
sloped  uplands  that  descend  to  a moderate  valley  flood  plain. 

The  major  stream  is  Bear  Creek,  approximately  seven  miles  long, 
that  begins  at  an  elevation  of  360  feet,  and  flows  into  the  Sammamish 
River  just  west  of  Woodinville  at  approximately  20  feet  elevation.  There 
are  a nuirber  of  small  tributaries  to  the  creek,  but  there  are  no  lakes 


of  significance  in 

the  sub -basin. 

Stream 

Category 

Drainage  Area 

Discharge 

Bear  Creek 

III 

17  sq . mi . 

Sammamish  River 

Present  development  in  the  sub-basin  is  largely  rural.  The  only 
significant  suburban  areas  are  Woodinville,  which  is  almost  at  the  mouth 
of  Bear  Creek,  and  Clearview  at  the  northeast  border  of  the  sub-basin.  The 
area  adjacent  to  SR-202,  between  Woodinville  and  the  Woodinville  cutoff 
road,  is  developing  into  an  industrial  area.  The  remaining  land  Is  in 
forest  or  agricultural  areas. 
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PERCENT 

OF  SUB -BAS IN 

AREA  IN  SPECIFIED  LAND 

USE 

Land 

Existing 

P.S.G.C.  Land  Use 

Projection 

Use 

(1970-72) 

Comprehensive 

Corri dor 

80% 

Rural 

Urban 

Urban 

Single  Family 

20 

40 

30 

Multiple  Family 

1 

5 

Conmercial/ 

Services 

1 

2 

3 

Govt,  and  Educ. 

1 

Industrial 

2 

10 

7 

Parks/Dedicated 
Open  Space 

5 

5 

5 

Agriculture 

15 

1 

1 

Airport,  Railyards, 
Freeways,  Highways 

Unused  Land 

57 

41 

48 

Water 

Total 

100 

100 

100 

Total  Impervious 
Area 

10 

30 

20 

Future  development  Is  projected  to  be  concentrated  in  the  sub- 
basin's  lower  portion  between  Woodinville  and  the  Woodinville  cutoff 
road.  It  probably  will  be  a mixture  of  industrial  areas  adjacent  to  SR-202, 
commercial  areas  and  surrounding  single-family  residential  development. 

Only  two  planning  agencies  are  involved  in  the  Bear  Creek  Sub-Basin. 
Snohomish  County  has  jurisdiction  for  approximately  80  percent  of  the 
area  and  King  County  governs  the  remaining  20  percent.  Woodinville  is 
unincorporated  at  this  time. 

Public  interest  in  Bear  Creek  has  been  high  as  exemplified  by  citi- 
zen reaction  to  several  proposed  developments  in  the  area.  The  Woodinville 
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Conmunity  Action  Council  has  been  principal  platform  for  community 
reaction. 


NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


For  planning  purposes.  Bear  Creek  can  be  considered  to  be  in  a 
natural  condition.  The  creek  has  almost  no  flood  plain  in  the  upper  part 
of  the  sub-basin  due  to  the  topography.  The  lower  sub-basin  has  a small 
flood  plain  in  the  Woodinville  area.  No  man-made  storm  drains  are  pre- 
sently in  the  sub-basin  except  for  culverts  and  drainage  facilities  con- 
structed as  part  of  highway  development.  Bear  Creek  supports  a signifi- 
cant run  of  coho  salmon. 

DRAINAGE  PRDBLEMS 


Major  problems  In  the  Bear  Creek  Sub-Basin,  reported  by  local  citi- 
zens as  well  as  simulated  with  computer  models,  consist  primarily  of 
flooding  along  the  main  channel  of  Bear  Creek  together  with  Incidences 
of  flooding  along  two  major  tributaries  In  Its  mid-reaches.  Associated  with 
flooding  are  sedimentation  and  debris  deposits.  Fortunately,  develop- 
ment directly  along  the  main  channel  of  Bear  Creek  has  been  limited  to 
rural  residential  settings,  so  there  has  been  little  major  damage  and 
property  loss.  The  severity  of  these  problems  undoubtedly  will  Increase 
In  future  years  as  the  area  becomes  more  developed. 

It  is  important  to  note  that  in  the  Bear  Creek  Sub-Basin  the  year 
2DDD  Comprehensive  Land  Use  Plan  differs  from  the  year  2000  Corridor  Land 
Use  Plan.  Both  plans  project  sizable  Increases  In  Impervious  area,  with  the 
year  2000  Comprehensive  Plan  showing  a 30%  coverage  by  Impervious  area  and 
the  2000  Corridor  Plan  showing  a 20%  coverage  by  impervious  areas.  As  seen 
from  the  preceding  table,  this  compares  to  an  existing  Impervious  area 
within  the  sub-basin  of  only  10%.  The  Comprehensive  Plan  projects  peak 
flows  that  are  approximately  double  those  anticipated  under  the  Corr- 
idor Plan  In  most  mid  and  upstream  reaches.  In  the  downstream  reaches  the 
flows  projected  by  both  land  use  plans  are  almost  Identical.  Alternative 
drainage  control  plans,  as  described  herein,  have  been  developed  for  both 
land  use  plans. 

If  the  runoff  projected  for  future  land  use  In  the  sub-basin  Is  con- 
trolled by  traditional  techniques.  It  will  produce  a heavy  Impact  on 
the  stream.  Residential  development  most  likely  would  encroach  upon  the 
stream  unless  controlled.  Streambank  erosion  and  overbank  flooding  will 
occur  and  adjacent  property  owners  would  be  forced  to  channelize  and  sta- 
bilize the  creek  adjacent  to  their  property  to  reduce  damage. 

There  are  no  sewers  In  the  planning  area  at  this  time,  which  In- 
dicates the  probability  that  collform  counts  are  or  could  become  high. 

Runoff  from  the  highway  and  the  Industrial -commercial  areas  probably  also 
contributes  to  the  water  quality  degradation. 
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BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


The  Snohomish  County  Planning  Department,  during  its  WASH-USE - 
1 project,  investigated  the  storm- drainage  needs  of  Bear  Creek;  how- 
ever, during  that  study  they  did  not  address  the  impact  upon  the  King 
County  area.  King  County  has  not  prepared  plans  for  drainage  in  the 
Bear  Creek  Sub -Basin. 

The  opportunity  for  the  two  counties  to  jointly  participate  in 
land  use  and  drainage  planning  in  Bear  Creek  is  excellent.  The  sub- 
basin still  is  relatively  undeveloped,  therefore,  a comprehensive  plan 
can  be  developed  and  implemented  without  much  difficulty.  The  eventual 
effect  of  such  a plan  would  be  to  save  Bear  Creek  as  an  urban  stream. 

Citizens'  response  to  various  drainage  alternatives  was  not  ob- 
tained for  the  Bear  Creek  Sub-Basin.  Alternatives  to  alleviate  drain- 
age problems  were  developed  by  reviewing  the  alternatives  preferred 
by  citizens  in  neighboring  watersheds. 

During  preparation  of  the  drainage  alternatives  described  beloi-/ 
for  Bear  Creek  Sub-Basin,  officials  from  the  Snohomish  County  Engineer- 
ing and  Planning  Department  were  contacted  and  given  an  opportunity  to 
review  the  various  alternatives  being  considered. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  Bear  Creek  Sub-Basin,  as  de- 
scribed by  local  agencies,  was  evaluated  by  computer  simulation  apply- 
ing the  region’s  lO-year  storm  to  the  year  2000  land  use.  Drainage 
problems  thus  identified  were  analyzed  and  possible  solutions  pro- 
vided in  the  development  of  alternative  plans  for  drainage  control  as 
described  below. 

ALTERNATIVE  PLAN  I,  2000  COMPREHENSIVE  LAND  USE  PLAN 

General  Concept 

This  concept  is  one  that  deals  primarily  with  structural  solu- 
tions to  flooding  and  erosion  problems.  It  consists  primarily  of  two 
elements:  holding  ponds  and  a diversion  pipeline. 

Major  Features 

From  computer  model  simulation,  flooding  began  where  Maltby  Road 
crosses  Bear  Creek  and  progressed  downstream.  To  alleviate  this  flood- 
ing, the  first  of  four  holding  ponds  was  reconmended  for  the  area  north 
of  Maltby  Road.  Three  other  holding  ponds  also  were  used  in  this  con- 
cept. They  are  at  Grace,  Turner  Comer  and  just  west  of  the  Woodinville 
cutoff  (Rt.  9),  one  mile  north  of  Turner  Comer.  The  locations  of  the 
holding  ponds  were  selected  so  that  they  occurred  in  natural  wetland 
depressions,  were  distant  from  major  residential  areas,  and  were  located 
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near  roads  to  facilitate  construction,  operation  and  maintenance. 


For  the  excess  flov<s  that  the  holding  ponds  cannot  contain,  a 
diversion  pipeline  concept  was  used  with  the  downstream  channels.  In 
this  manner,  flow  exceeding  the  natural  flov/  of  a channel  is  diverted 
into  a parallel  pipeline.  At  that  point  where  the  natural  channel  can 
handle  its  own  flow,  plus  that  of  the  diverted  flow,  the  diversion 
pipeline  directs  the  flow  back  into  the  creek.  This  concept  has  the 
advantage  of  preserving  the  natural  stream  (i.e.  it  does  not  require 
enlargement  of  the  stream  channel  or  rip-rapping).  Parallel  pipelines 
would  exist  for  a 6,000  foot  portion  of  Bear  Creek  south  of  Maltby  Road 
and  a 5,000  foot  portion  of  the  creek  south  of  the  King-Snohomish 
County  line. 

Flood-plain  zoning  is  used  in  the  vicinity  just  north  of  Grace, 
north  of  the  Maltby  Road  and  at  the  mouth  of  Bear  Creek. 

Cost 


The  cost  for  this  alternative  is  estimated  to  be  $2,000,000. 
ALTERi'lATIVE  PLAN  II,  2000  COMPREHENSIVE  LAND-USE  PLAN 

General  Concept 

This  concept  is  identical  to  Alternative  Plan  I,  except  land-use 
controls  are  added. 

Major  Features 

The  most  significant  feature  of  thio  alternative  is  that  of  land- 
use  control.  Essentially,  development  is  limited  in  the  sub-basins  so 
that  runoff  from  developed  property  is  limited  to  approximately  the 
same  runoff  that  would  occur  under  present  conditions. 

Presently,  King  County  has  a storm-drainage  policy  for  land  devel- 
opment that  states,  "...drainage  plans  shall  provide  storm  water  retention 
facilities  so  that  peak  discharge  from  the  site  will  not  be  increased  by 
more  than  25%  due  to  the  proposed  development." 

Even  with  this  policy,  both  holding  ponds  and  a diversion  pipeline 
will  be  required  in  the  Bear  Creek  Sub-Basin. 

Holding  ponds,  identified  in  Alternative  Plan  I,  will  be  resized 
to  obtain  adequate  capacity  so  that  the  diversion  pipeline  in  some 
reaches  of  Bear  Creek  will  not  need  to  be  as  large  as  that  of  Alternative 
Plan  I.  The  diversion  pipeline  will  be  used  in  the  same  locations  as  for 

. Alternative  Plan  I. 

1 

i Flood-plain  zoning  also  would  be  necessary  in  the  same  areas  as  in 

A1 ternati ve  Plan  I . 

, Cost 

Cost  for  this  alternative  is  estimated  to  be  $1,600,000. 
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ALTERNATIVE  PLAN  I,  2000  CORRIDOR  LAND  USE  PLAN 

General  Concept 

This  concept  is  one  that  deals  primarily  with  a structural  solu- 
tion to  the  flooding  and  erosion  problems.  It  consists  primarily  of 
two  elements:  holding  ponds  and  a diversion  pipeline. 

Major  Features 

From  computer  model  simulation,  flooding  began  on  a tributary  to 
Bear  Creek  southeast  of  Turner  Corner  and  progressed  downstream.  To 
alleviate  flooding,  the  first  of  two  holding  ponds  was  created  in  that 
vicinity.  One  other  holding  pond  also  was  used  in  this  concept  north 
of  Grace.  It  is  important  to  note  that  the  locations  of  the  holding 
ponds  were  selected  so  that  they  occurred  in  natural  wetland  depres- 
sions, were  distant  from  major  residential  areas,  and  were  located  near 
roads  to  facilitate  easy  construction,  operation  and  maintenance. 

For  the  excess  flows  that  the  holding  ponds  cannot  contain,  a 
diversion  pipeline  concept  was  used  with  the  downstream  channels.  In 
this  manner,  flow  exceeding  the  natural  flow  of  a channel  is  diverted 
into  a parallel  pipeline  that  conveys  the  flow  until  the  creek  has  suf- 
ficient capacity  to  accommodate  its  present  flow  plus  that  of  the 
diverted  flow.  At  this  point,  the  diversion  pipeline  Mrects  the  flow 
back  into  the  creek.  This  concept  has  the  advantage  of  preserving  the 
natural  stream  (i.e.  it  does  not  require  enlarging  or  rip-rapping). 
Parallel  pipelines  would  exist  for  approximately  5,000  feet  south  of 
Grace. 

Flood-plain  zoning  is  designated  for  the  mouth  of  Bear  Creek  and 
the  area  by  the  gravel  pit  adjacent  to  Rt.  9. 

Cost 

The  cost  for  this  alternative  is  estimated  to  be  $1,100,000. 

■p>  alternative  PLA.N  II,  2000  CORRIDOR  LAND  USE  PLAN 

General  Concept 

This  concept  is  identical  to  Corridor  Land  Use  Alternative  Plan  I, 
except  for  one  major  addition,  which  is  runoff  control. 

Major  Features 

The  most  significant  feature  of  this  alternative  is  that  of  run- 
off control.  Essentially,  development  in  the  area  is  controlled  so  that 
runoff  from  developed  property  is  limited  to  approximately  the  same  run- 
off that  would  occur  under  present  (undeveloped)  conditions. 
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presently.  King  County  has  a storm  drainage  policy  for  land 
development  that  states,  "...drainage  plans  shall  provide  stormwater 
retention  facilities  so  that  peak  discharge  from  the  site  will  not  be 
increased  by  more  than  25%  due  to  the  proposed  development." 

Even  with  this  policy,  both  holding  ponds  and  a diversion  pipe- 
line will  be  required  in  the  Bear  Creek  Sub-Basin. 

Holding  ponds  identified  for  Corridor  Land  Use  Alternative  Plan 
I will  be  resized  to  generate  adequate  capacity  so  that  the  diversion 
pipeline  in  some  reaches  of  Bear  Creek  will  not  need  to  be  as  large  as 
that  of  Corridor  Land  Use  Alternative  Plan  I.  The  diversion  pipeline 
will  be  used  in  the  stream  section  as  with  Corridor  Land  Use  Alterna- 
tive Plan  I. 

Flood-plain  zoning  is  designated  for  the  same  areas  identified 
in  Corridor  Land  Use  Alternative  Plan  I. 

Cost 

Cost  for  this  alternative  is  estimated  to  be  $700,000. 

PEAK  FLOW  COf-ffARISONS 

The  following  table  indicates  10-year  peak  flows  with  existing 
facilities  and  with  alternative  drainage  management  solutions  for  the 
year  2000.  The  peak  flows  are  given  for  portions  of  the  creek  as 
indicated,  as  well  as  at  the  point  of  discharge  into  the  Sammamish 
Ri  ver. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 

Comprehensive  Land  Use  Corridor  Land  Use 


Existing  Alternative  Alternative  Alternative  Alternative 


Location 

Faci Titles 

Plan  I 

Plan  II 

Plan  I 

Plan  II 

N.  of  r^ltby  Road 

200 

210 

210 

60 

60 

1/2  mile  south 
of  Turner  Comer 

160 

260 

260 

140 

110 

1 

4 

Canyon  Park  Rd. 

260 

350 

300 

350 

150 

At  Grace 

380 

720 

400 

750 

340 

1 

1/2  mile  south 
of  Grace 

200 

490 

370 

540 

370 

• 

Mouth  at 
Sammamish  River 

250 

480 

360 

550 

360 
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ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


As  part  of  the  process  of  developing  system  proposals  for  the 
various  regional  sub-basins  in  the  RIBCO  Study,  field  inspections  were 
made  to  determine  the  applicability  of  the  suggested  alternatives  for 
each  sub-basin.  Inspections  were  made  based  on  the  alternative  evalu- 
ation procedure  which  identified  34  unique  criteria  under  the  general 
categories  of  1)  Effectiveness,  2)  Human  Values,  3)  Environmental 
Factors,  4)  Implementation,  and  5)  Resource  Requirements.  In  addition, 
projected  land  use  was  reviewed  for  compatibility  with  the  proposed 
system.  As  applied  to  Bear  Creek,  the  overall  evaluation  rating  total 
for  Alternative  Plan  I,  under  the  Comprehensi ve  Land  Use  Plan,  was  a 
plus  10  on  a scale  ranging  from  positive  108  to  negative  108.  The 
overall  rating  for  Alternative  Plan  II,  under  the  Comprehensive  Land 
Use  Plan,  which  employed  runoff  control,  was  a plus  23.  Under  the  Cor- 
ridor Plan,  Alternative  Plan  I received  a rating  of  plus  19  and  Alter- 
native Plan  II  received  a rating  of  plus  32. 

Both  alternatives  under  the  Comprehensive  Land  Use  Plan  require 
more  extensive  use  of  diversion  pipeline  than  the  systems  necessary  to 
accommodate  land  use  under  the  two  corridor  alternative  plans.  In  all 
alternatives  presented,  the  stream  is  allowed  to  remain  in  its  natural 
condition,  aided  in  some  cases  by  the  diversion  channels  or  holding 
ponds.  All  alternatives  presented  provide  approximately  the  same 
human  values  and  all  are  considered  equally  difficult  to  implement. 
Resource  requirements  are  relatively  minor  for  all  alternatives  and  all 
alternatives  are  judged  to  be  relatively  equal  in  effectiveness  of 
handling  storm  drainage.  The  major  difference  in  the  rating  totals 
occurred  in  the  impact  of  the  various  alternatives  on  environmental 
factors.  The  combination  of  land  use  location  and  minimal  man-made 
drainage  facilities,  resulted  in  a relatively  high  score  for  Alterna- 
tive Plan  II  under  the  Corridor  Land  Use  Plan. 

As  the  Bear  Creek  Sub-Basin  is  undeveloped  at  this  tin»e,  imple- 
mentation of  any  of  the  alternatives  within  the  immediate  future  would 
allow  the  preservation  of  the  stream  as  provided  for  in  the  various 
alternatives.  All  systems  rely  upon  the  preservation  and  use  of  wet- 
land areas  for  storage.  This  element  of  all  alternatives  is  considered 
critical  and  would  require  early  action  if  used  as  part  of  the  solution 
to  drainage  management  in  the  Bear  Creek  Sub-Basin. 

CONCLUSION 


The  Corridor  Land  Use  Plan  requires  the  least  need  for  drainage 
facilities  of  the  two  land  use  plans  used.  Alternative  Plan  II  for  the 
Corridor  Land  Use  Plan  is  judged  to  be  the  most  effective  in  preserving 
the  natural  stream  as  well  as  for  controlling  runoff  under  most  con- 
ditions. This  alternative  accomplishes  recharge  of  groundwater  and 
should  allow  for  adequate  low  flows  during  low  precipitation  periods, thus 
assuring  the  continuation  of  aquatic  life  in  the  stream.  Alternative 
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Plan  II  does  require  fairly  inmediate  action  because  of  its  reliance 
upon  runoff  controls  and  acquisition  of  easements  for  use  of  existing 
wetlands  within  the  sub-basin. 

Because  of  the  extent  of  the  sub-basin  in  Snohomish  County  juris- 
diction, that  agency  should  be  designated  for  the  lead  role  in  drainage 
management  of  Bear  Creek. 
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RIWOFF  QUALITY  SUMMARY 
BEAR  CREEK 


# Less  than  a total  of  0.5  Inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


EVALUATION  MATRIX  / bear  creek 


HIBCO  URBAN  RUNOFF  ANU  BASIN  DRAINAGE  STUDY 


i Bcdr  Creek  - Comprehensive  Plan 


EXISTING  FACILITIES 

PROPOSE  D FACll  iTif  S 

ELEMENT 
NUM6E  H 

TYPE 

PIPE  DIAMt  TEH 
OR  CHANNEL 
BOTTOM  width 

LE  NOTH 

CHANNE 1 
SIDE  SLOPES 
(Hon/  Vert  ) 

MAX 

DEPTH  OF 
CHANNE  1 

TYPE 

r 

ESTIMATED 
CAPITAL  COST 

47 

None 

Holding 

Pond 

98  AF 
14  acres 

$283,000 

48 

None 



Holding 

Pond 

31  AF 
12  acres 

$122,000 

49 

None 

Holding 

Pond 

7 AF 
9 acres 

$86,000 

None 

Holding 

Pond 

3 AF 
3 acres 

$50,000 

2 

Pipe 

8' 

Parallel 

Pipe 

96" 

$6,000 

4 

PI  pe 

8' 

30' 

Parallel 

Pipe 

96" 

$6,000 

Channel 

10’ 

5,500' 

1 ;1 

3' 

Diversion 

Pipe 

66" 

$743,000 

None 

Pipe 

48" 

100' 

$9,000 

ir 

3.100* 

1:1 

3* 

■ 

36" 

43 

None 

1 

— 

■ 

24" 

100' 

21 

Channel 

L 

10' 

4,500' 

r 

1:1 

3' 

Diversion 

Pipe 

48" 

$419,000 

Pipe 

27" 

100' 

$5,000 

40 

Pipe 

18" 

100' 

$3,000 

9 

None 

Inlet/ 

Outlet 

For  66“  diversion  pipe 

$11,000 

17 

None 

For  36"  diversion  pipe 

$6,000 

21 

None 

Inlet/ 

Outlet 

For  48"  diversion  pipe 

$8,000 



Th«  Capital  Coal  fo»  aach  elamam  *r>cludt«  Contractor  profit.  Total  Estimated  Capital  Cost  $1  ,966,000 

anfmaarin^.  legal  and  contir>9tnoes  In  addition,  land  purchase  and  Round  To  S2  000,000 

severance  costs  are  rfKiudad  Mihcra  land  IS  required  Ail  costs  are  hated  * 

upon  lune  1973  prices 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aiteinaiive 1 Siih  Ba'in  Bear  Creek  - Corridor  Plan 


EXISTING  EACILITI 

ES 

PROPOSED  FACILITIES 

ELEMENT 
NUMBE  R 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

length 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

Type 

ESTIMATED 
CAPITAL  COST 

47 

None 

Ho1 ding 
Pond 

71  AF 
14  acres 

$209,000 

48 

None 

! 

Holding 

Pond 

6 AF 
6 acres 

$67,000 

2 

Pipe 

8' 

30' 

Parallel 

Pipe 

96" 

$6,000 

■ 

Pipe 

j 

8' 

30' 

Parallel 

Pipe 

96" 

1 

$6,000 

1 

9 

B 

10' 

1:1 

■ 

Diversion 

Pipe 

72" 

$820,000 

45 

None 

1 

Pipe 

48" 

100' 

$9,000 

43 

None 

1 

1 

1 

1 

24" 

100' 

m 

i 

Inlet/ 

Outlet 

For  72"  diversion  pipe 

$11,000 

1 

Tht>  E si>'T\aie(l  Capital  Cost  foi  each  element  includes  Contractor  profit 
enqineenng.  legal  arvj  contmgerKies  In  addition.  larxJ  purchase  and 
sever arx:e  costs  are  irKlitded  where  land  is  required  All  costs  are  based 
upon  June  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


$1 ,132,000 
$1 ,100,000 


■P' 


i 


C-6-13 


HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAOt  STUDY 
Aitpi-iaiive U SuhBds.n  Bear  Creek  - Comprehensive  Plan 


FXISTING  FACIUTIES 


I(H  CHANNEL  MAX 

NEL  I SIDE  STORES  DEPTH  OF 

DTH  LTNCjTH-  (Mi)fi/  VeH  I CHANNEL 


PROPOSED  FACILITIES 

1 

I 

TYPF  I 

ESTIMATED 
CAPITAL  COST 

55  AF 

$183,000 

14  acres 

12  AF 

$98,000 

12  acres 

7 AF 

$86,000 

9 acres 

1 3 AF 

$50,000 

1 3 acres 

Parallel  1 

96" 

$6,000 

Pipe  1 

i 

1 

Diversion  48"  for  diversion 
Pipe  ! 


Pipe  j 48" 
100' 


$506,000 


Diversion] 

48"  for  diversion 

Pipe  j 

ipe 

27" 

100' 

ipe 

18" 

100' 

Total  EsTtmaK'd  Capital  Cost  $1  ,602,000 
Rminti  To  $1,600,000 
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0% 


REGIONAL  SUB-BASIN  C-7 


NORTH  CREEK 


GENERAL  DESCRIPTION 


The  North  Creek  Sub-Basin  is  in  the  northern  portion  of  the 
Cedar  River  basin  that  drains  to  Lake  Washington.  The  sub-basin  runs 
generally  north-south  between  the  City  of  Everett  and  the  City  of  Bo- 
thell and  east  of  Interstate  Highway  405. 

The  sub-basin  is  approximately  11  miles  long  and  two  and  a half 
miles  wide  and  is  drained  by  two  major  streams;  North  Creek  which  runs 
the  length  of  the  sub-basin  and  Penny  Creek  which  is  approximately 
four  miles  long.  The  headwaters  of  Penny  Creek  is  Silver  Lake.  The 
headwaters  of  North  Creek  are  in  Everett  and  the  creek  runs  south  until 
it  joins  the  Sammamish  River  near  the  junction  of  1-405  and  SR-522 
at  Bothell.  Three  Lakes  (Silver,  Ruggs,  and  Thomas)  are  located  along 
Penny  Creek.  Penny  Creek  is  damned  just  above  its  junction  with  North 
Creek,  but  the  structure  has  only  minor  impact  upon  the  creek  flow. 
Penny  Creek  joins  North  Creek  in  the  upper  third  of  the  watershed. 


Stream 

Category 

Drainage  Area 

Discharge 

North  Creek 

II 

29  sq.  mi. 

Sammamish  River 

Penny  Creek 

III 

5.4  sq.  mi. 

North  Creek 

The  sub-basin  headwater  elevation  is  approximately  520  feet  drop- 
ping to  17  feet  at  the  confluence  with  the  Sarnnamish  River.  The  terrain 
in  the  upper  sub-basin  is  gently  sloping  uplands  with  a narrow  valley 
plain.  In  the  lower  portion  of  the  sub-basin,  the  uplands  shorten  and 
steepen  and  the  valley  plain  widens  to  almost  three-quarters  of  a mile 
at  the  confluence. 

Present  land  use  consists  largely  of  rural/agricultural  and  for- 
ested areas  except  for  low-density  residential  development  at  the  north- 
ern boundary  of  the  sub-basin  around  1-5  and  Silver  Lake.  The  sub-basin 
is  in  a predominately  undeveloped  state  at  this  time. 
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PERCENT  OF 

SUB-BASIN  AREA 

IN  SPECIFIED  LAND  USE 

Land 

Existing 

P.S.G.C.  Land  Use 

Projection 

Use 

(1970-72) 

Comp re hens i ve 

Corri dor 

Single  Family 

45 

60 

60 

Multiple  Family 

5 

5 

Conmercial/ 

Services 

5 

1 

Govt,  and  Educ. 

1 

1 

1 

Industrial 

5 

Parks/Dedi  cated 
Open  Space 

10 

5 

5 

Agriculture 

5 

21 

Airports,  Rallyards, 
Freeways,  Highways 

2 

2 

2 

Unused  Land 

36 

20 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious 
Area 

10 

30 

30 

Four  agencies  have  drainage  responsibilities  within  the  North  Creek 
Sub-Basin.  These  jurisdictions  In  order  of  land  area  are:  Snohomish 

County  80%,  City  of  Everett  10%,  City  of  Bothell  5%,  and  King  County  5%. 

None  of  these  agencies  has  developed  a storm-drainage  plan  for 
the  sub-basin  and  no  coordinated  sub-basin  planning  has  been  attempted. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  North  Creek  drainage  system  Is  a series  of  natural  lakes 
connected  by  natural  stream  channels.  In  the  area  of  Thomas  Lake,  the 
stream  meanders  due  to  swampy  peat  soils.  Here  the  channel  was  enUv^d 
and  modified  by  Snohomish  County  to  provide  better  runoff  capacity 
North  Creek  Is  In  a natural  condition  except  for  the  last  4,000  feut 
above  the  Sammamish  River  confluence  which  has  been  dredged  and  realigned. 


i 


C-7-2 


North  Creek  has  a significant  salmon  run  with  the  average  number 
of  spawners  estimated  to  be  3,000  fish  per  year.  This  represents  a sig- 
nificant production  for  the  creek  and  it  is  considered  an  important  re- 
source by  the  Department  of  Fisheries.  Only  minor  man-made  drainage 
facilities  are  present  in  the  sub-basin. 

DRAINAGE  PROBLEMS 

Present  problems  have  been  identified  by  the  Snohomish  County 
Engineering  Department;  water  ponding  adjacent  to  the  creek  and  some 
actual  flooding  in  the  downstream  portion  of  North  Creek.  Because  of 
compatible  land  use  along  the  creek,  such  as  agriculture  and  open  space, 
as  well  as  a small  population,  relatively  few  drainage  problems  have 
been  reported. 

The  water  quality  of  the  streams  is  affected  by  high  tempera- 
tures in  summer  and  high  col i form  counts  that  result  from  septic-tank 
seepage.  Erosion  and  stream  sedimentation  has  occurred  in  some  areas 
but  it  is  not  considered  significant  at  this  time. 

If  development  occurs  as  predicted,  and  if  no  controls  are  exerted 
over  increased  runoff,  future  problems  in  the  sub-basin  will  be  increased 
overbank  flooding  and  a significant  increase  in  streambank  erosion  and 
sedimentation.  Significant  damage  also  will  occur  in  the  downstream  in- 
dustrially-zoned area  of  North  Creek  in  the  Corridor  Plan.  A major 
future  problem  will  be  increased  flooding  within  the  City  of  Bothell  and 
in  King  County  as  further  development  occurs  in  tne  upper  watershed. 

Salmon  production  will  decline  as  development  takes  place,  unless  runoff 
can  be  controlled. 

The  total  impervious  area  in  this  sub-basin  under  either  the  year 
2000  Comprehensive  or  Corridor  Land  Use  Plan,  is  projected  to  increase 
from  existing  10%  level  to  approximately  30%. 

Future  runoff,  as  projected  in  the  2000  Comprehensive  Land-Use  Plan, 
would  intensify  existing  flooding  problems  and  would  create  additional 
ones  as  well.  Almost  75%  of  the  length  of  North  Creek  will  experience 
overbank  flooding.  Ruggs  Lake  and  Thomas  Lake  area  experience  fluctua- 
tion  in  lake  levels  causing  possible  damage  to  lake-side  residences  and 
— .W  recreational  facilities.  The  predicted  velocities  associated  with 

these  overbank  flooding  problems  Indicate  the  possibility  of  bank  ero- 
sion and  the  need  for  protection. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

No  comprehensive  planning  has  been  completed  by  any  agency  within 
the  sub-basin.  Snohomish  County  has  completed  a planning  study  that  involves 
generalized  urban  drainage  planning  (WASH-USE  l)but  the  study  did  not 
j consider  the  King  County  portion  of  the  sub-basin. 

1 

, The  City  of  Bothell  has  completed  a Storm  Drainage  Master  Plan, 

j but  it  does  not  include  the  North  Creek  section  of  the  City. 
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The  City  of  Everett  and  King  County  have  not  undertaken  signifi- 
cant planning  in  their  areas,  and  no  future  drainage  planning  for  the  sub- 
basin is  presently  known  to  be  under  consideration. 

Snohomish  County,  the  agent  which  controls  the  largest  area  within 
the  watershed,  has  a general  drainage  policy  for  preservation  of  the 
natural  drainage  system,  that  limits  runoff  to  near  natural  rates, 
especially  from  industrial  and  commercial  areas  and  prohibits  all  inten- 
sive land  development  within  the  100-year  flood  plain.  These  general 
policies  are  compatible  with  the  philosophy  for  maintaining  a natural 
stream  environment  that  has  been  expressed  by  the  public  during  the 
RIBCO  Study.  King  County,  through  its  Environmental  Development  Conwiss- 
ion,  hiis  also  set  goals  of  maintaining  the  natural  environment  of  the 
existing  stream  system. 

Staff  members  from  the  Snohomish  County  Engineering  and  Planning 
Department  and  the  King  County  Public  Works  Department,  Hydraulics 
Division,  have  reviewed  the  initial  alternative  plans  for  drainage  de- 
veloped by  this  RIBCO  Study  for  the  North  Creek  Sub-Basin. 

ALTERiNATIVE  PLAiNS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  North  Creek  Sub-Basin,  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  apply- 
ing the  region's  10-year  storm  to  the  year  2000  land  use.  Drainage 
problems  thus  identified  were  analyzed  and  possible  solutions  provided 
in  the  development  of  alternative  plans  that  will  relieve  all  future 
drainage  problems  and  will  not  create  any  new  problems. 

ALTERNATIVE  PLAN  I 


» 


( 

I 


I 

i 

1 


j 


General  Concept 

The  general  concept  of  Alternative  Plan  I involves  the  channelize 
tion  of  North  Creek  to  control  overbank  flooding.  Streambank  protec- 
tion would  be  provided  where  required.  Bridges  and  culverts  would  be 
enlarged  to  pass  flows  without  restriction. 

Major  Features 

The  n«jor  features  consist  of  the  enlarging  of  most  culverts  be- 
neath roads  in  the  upper  sub-basin  and  almost  continuous  channeliza- 
tion from  below  the  confluence  of  Penny  Creek  and  North  Creek  to  North 
Creek's  mouth  at  the  Sammamish  River.  Streambank  protection  is  also  re- 
quired to  prevent  erosion  from  the  increased  stream  velocities. 

Cost. 


The  cost  for  Alternative  Plan  1 is  estimated  to  be  $9,100,000. 


\ 
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ALTERNATIVE  PLAN  II 


General  Concept 

Alternative  Plan  II  consists  of  on-site  runoff  control  in  future 
developing  areas  within  the  watershed,  provision  of  storage  along  North 
and  Penny  Creeks  in  lakes  and  holding  ponds,  and  some  flood-plain  zoning. 
Streambank  protection  will  be  provided  where  required. 

Major  Features 

Three  major  features  make  up  Alternative  Plan  II.  The  first, 
runoff  control,  is  applied  throughout  the  sub-basin.  Runoff  control 
consists  of  limiting  runoff  from  any  future  development  within  the  sub- 
basin to  a maximum  runoff  increase  of  25%  above  existing  conditions. 

This  criteria  will  reduce  runoff  from  future  developing  areas  to  near 
natural  conditions. 

The  second  major  feature  is  the  construction  of  holding  ponds  to 
attenuate  downstream  flows  at  three  locations.  The  ponds  are  planned 
at  183rd  St.,  S.E.,  south  of  Filbert  Road  and  north  of  Vine  Street  on 
a North  Creek  tributary.  Silver  Lake,  Ruggs  Lake  and  Thomas  Lake  could 
also  serve  to  store  water  and  lower  downstream  flows  on  Penny  Creek. 
Finally,  flood-plain  zoning  would  be  used  to  restrict  activities  in  the 
lower  reaches  that  will  experience  overbank  flooding. 

On-site  runoff  control  for  all  new  development  within  the  water- 
shed will  be  required  for  this  alternative  to  be  feasible.  Without 
consistent  applications  of  this  policy,  increased  runoff  rates  could 
exceed  the  planned  channel  capacities.  The  holding  ponds  have  been 
sized  to  store  greater  volumes  of  water  than  is  predicted  for  the  10- 
year  storm.  If  rt’  ,.ff  is  not  controlled  within  the  sub-basin,  the  pond's 
capacity  could  be  exceeded  by  lower  intensity  storms  causing  greater 
flows  and  possible  damage.  The  holding-pond  sites  presently  are  in 
undeveloped  areas  and  could  be  engineered  to  provide  secondary  uses 
during  dry -weather  periods. 

Flood-plain  zoning  of  the  creek's  lower  reaches  will  alleviate 
the  need  to  enlarge  downstream  low-capacity  channels.  These  channels 
presently  run  through  undeveloped  property  and  such  zoning  is  feasible. 

Streambank  protection  for  the  creek  has  been  included  as  a 
cost  in  this  alternative.  Field  inspection  and  further  analysis  could 
prove  that  this  cost  is  not  warranted,  thereby  further  reducing  this  al- 
ternative's total  cost. 

Cost 

The  cost  for  Alternative  Plan  II  is  estimated  to  be  $2,900,000. 
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PEAK  FLOW  COMPARISONS 


The  following  table  indicates  existing  and  probable 
flows  under  the  two  alternative  drainage  plans. 

future  stream 

COMPARISON 
(Cubi c 

OF  10-YEAR  PEAK 
Feet  Per  Second) 

FLOWS 

Location 

Facilities* 

Alternative 
Plan  I 

Alternative 
Plan  II 

North  Creek  below  con- 
fluence with  Penny  Creek 

240 

950 

300 

Penny  Creek's  Mouth 

190 

425 

40 

North  Creek  above 
Thrasher's  Comer 

220 

975 

260 

North  Creek  USGS  Gage 

650 

1400 

520 

Mouth  of  North  Creek 

450 

1500 

525 

*NOTE:  Flows  reduced  by  upstream  flooding 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 

Field  inspections  were  made  of  the  suggested  alternative  plans 
for  this  sub-basin.  This  process  was  followed  throughout  the  RIBCO 
Study  in  developing  alternative  plans  for  the  various  regional  sub- 
basins. The  Inspections  were  based  on  the  alternative  evaluation  pro- 
cedure which  identified  34  unique  criteria  grouped  in  general  cate- 
gories as  follows:  1)  Effectiveness,  2)  Human  Values,  3)  Environmental 

Factors,  4)  Implementation,  and  5)  Resource  Requirements.  The  various 
structural  solutions  were  checked  against  the  appropriate  criteria,  and 
the  various  non -structural  solutions  were  reviewed  for  their  relation- 
ship to  existing  and  probable  future  developments.  The  criteria  rating 
total  for  Alternative  Plan  I,  which  employs  streambank  protection, 
channelization  and  diversion  was  a minus  40  on  a scale  ranging  from  a 
positive  total  of  108  to  a negative  total  of  108.  The  criteria  rating 
total  for  Alternative  Plan  II,  which  employs  streambank  protection 
and  flood-plain  zoning,  as  well  as  storage  and  runoff  control,  was  a 
plus  6. 


Alternative  Plan  II  is  judged  to  be  superior  to  Alternative  Plan 
I in  effectiveness  for  controlling  storm  water  runoff.  The  consequences 
of  overcharge  are  considered  to  be  less  and  the  ability  to  further  alter 
the  system  is  believed  to  be  better.  Both  alternative  plans  are  Judged 
to  be  relatively  equal  in  terms  of  human  values,  although  neither  one 
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received  a strong  positive  rating  in  this  category.  The  amount  of 
flood-plain  zoning  in  Alternative  Plan  II  is  not  believed  to  be 
enough  to  provide  a high  level  of  multiple-use  potential  nor  would  it 
significantly  increase  cotmunity  cohesion.  Both  alternative  plans 
would  have  questionable  environmental  effects,  the  more  significant 
being  associated  with  Alternative  Plan  I,  which  provides  no  protection 
for  low-flow  conditions  and  does  little  to  enhance  water  quality.  It 
would  require  extensive  construction  disruption  and  potential  disturb- 
ance of  wildlife,  aquatic  life  and  vegetation.  Alternative  Plan  II 
does  promote  water  quality  and  assures  satisfactory  low-flow  conditions. 
If  streambank  protection  suggested  for  this  alternative  is  not  carried 
out  to  the  extent  shown,  this  alternative  plan  could  have  beneficial 
effects  upon  wildlife,  aquatic  life  and  vegetation.  Preservation  of 
fisheries  potentials  must  be  an  important  part  of  drainage  control  for 
North  Creek  because  of  the  existing  salmon  runs.  Both  alternative  plans 
are  considered  equally  difficult  to  implement  because  of  the  numerous 
jurisdictions  involved.  Alternative  Plan  II  is  considered  to  nave 
fewer  resource  requirements  than  Alternative  Plan  I and  it  received  a 
positive  rating  because  some  portions  of  the  system  have  a use  beyond 
the  needs  of  drainage. 

A critical  element  in  Alternative  Plan  II  is  the  proposal  to  use 
runoff  control  and  storage  in  the  upper  basin.  This  treatment,  if  it 
is  to  be  part  of  the  chosen  alternative,  should  be  implemented  as  an 
early  organized  effort  of  the  involved  agencies.  Occurrence  of  any 
development  without  runoff  control  or  any  development  occurring  witnin 
the  designated  storage  sites,  will  force  the  use  of  a drainage-control 
system  more  complex  than  Alternative  Plan  II  contemplates.  These 
issues  require  immediate  attention  by  the  involved  local  agencies  and 
should  be  brought  to  the  attention  of  all  affected  citizens  and  their 
local  governments. 

CONCLUSIONS 

Alternative  Plan  II  is  considered  superior  to  Alternative  Plan  I 
primarily  because  it  requires  less  extensive  structural  work  within  the 
sub-basin  and  it  assures  favorable  water  quality  and  low-flow  condi- 
tions in  the  various  tributaries  and  in  North  Creek. 

Snohomish  County,  King  County  and  the  cities  of  Everett  and 
Bothell  should  agree  to  establish  a drainage  master  plan  that  incor- 
porates provisions  of  Alternative  Plan  II.  All  agencies  with  jurisdic- 
tion should  then  move  to  implement  and  enforce  the  required  runoff  con- 
trols, establish  flood-plain  zoning  and  secure  rights  to  the  suggested 
stora^  areas.  Because  of  the  extensive  land  area  within  this  sub-basin 
that  is  within  the  jurisdiction  of  Snohomish  County,  the  County  should 
have  management  responsibility  for  control  of  drainage  and  flood  damage 
within  the  North  Creek  Sub-Basin.  King  County  and  the  cities  of  Everett 
and  Bothell  should  provide  zoning,  including  flood-plain  zoning,  where 
necessary  within  their  respective  boundaries. 


RUNOFF  QUALITY  SUMMARY 
NORTH  CREEK 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/ liter  except  total  col i form  which  is  in  MPN/100  ml. 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Sub  Basin  North  Creek 


15  I Channel 


22 

j Culvert 

1 

1 

24 

Culvert 

25  I Channel  j 4 


27  I Channel  2'  I 2,400' 


03  I Channel  | 5 


28  Culvert  \ 36 


• PROPOSED  FACILITIES 

TYPE 

ESTIMATED 
CAPITAL  COST 

Replaceme 
Cul vert 

Tt 

6*  X 15’ 

$17,000 

Parallel 

Pipe 

48" 

$50,000 

Paral  lei 
Culvert 

60" 

$19,000 

Channel 

6'  width 
6'  depth 
2:1  side  slopes 
Streambank  orotectlon 

$299,000 

Channel 

20'  width 
6'  depth 
2:1  side  slopes 
Streambank  orotectlon 

$390,000 

Channel 

10'  width 
6'  depth 
2:1  side  slopes 
Streambank  protection 

$116,000 

16  i 

i 

, Channel  j 

1 

1 

1 

1 5* 

2,000'  j 

1 

.75:1 

17 

' j 

Channel 

' — — ■ 1 

1 

1 5‘ 

i 1 

1 1 

I 

1 550'  1 

1 1 

i 

.75:1 

1 

Channel 

6 depth 

2.1  side  slopes 


1 

\ 

8'  width  1 

Channel 

6'  depth  1 

2: 1 side  slopes 
Streambank  protection 

$48,000 

Channel  ® 

6 depth 

2:1  side  slopes  $326,000 

Streambank  protection 


Diversion 
Pipe  48“ 


..  , 16'  width 

Channel 

2:1  side  si  opes 


Replaremeijt 


rk— „ 1 '5'  width 

Channel  ^p^^ 

2:1  side  slopes 


$14,000 


$7,000 


15'  width 

4'  depth 

2:1  side  slopes 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


EXISTINC 

i FACILITIES 

ELEMENT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHofiz  Vert  ) 

MAX. 
DEPTH  OF 
CHANNEL 

PROPOSED  FACILITIES 

TYPE 

ESTIMATED 
CAPITAL  COST 

16'  width 

4'  depth 

2:1  side  slopes 

10'  width 

10'  depth 

2:1  side  slopes 

Streambank  protection 

125'  width 

3'  depth 

2:1  side  slopes 

Streambank  protection 


150'  width 

3'  depth 

2:1  side  slopes 


60 

' width 

Channel 

3' 

2:1 

depth 

1 side  slopes 

$111,000 

Channel 

20'  width 
6'  depth 

2:1  side  slopes 
Streambank  protection 

$42,000 

1 

Channel  | 

20'  width 
6'  depth 
2:1  side  slopes 
Streambank  protection 

Channel 

35'  width 

6'  depth 

2:1  side  slopes 

Diversion 

Pipe 

48" 

Parallel 
Culvert 


Channel  2. 

2: 

Streambank  protection 

15'  width 

Channel  slopes 

l_Streambank  protection 


$102,000 

$62,000 


HIbCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


AltetndUve 1 Sub  Basin  North  Creek 


EXISTING  FACILITIES 

PROPOSED  FACILITIES 

elewent 

NUMBtH 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHon/  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

64 

Channel 

9' 

1,000 

1:1 

7' 

Channel 

30'  width 
7'  depth 
2:1  side  slopes 
Streambank  protection 

$126,000 

65 

Culvert 

15' 

22' 

0 

7.5' 

Bridge 

20'  width 
7'  depth 
2:1  side  slopes 
Streambank  protection 

66 

Channel 

15' 

2,900' 

1:1 

7' 

Channel 

1 

30'  width 
7'  depth 
2:1  side  slopes 
Streambank  protection 

$346,000 

Se 

Channel 

15' 

3,700' 

1:1 

■ 

60'  width 
5'  depth 
2:1  side  slopes 
Streambank  protection 

$446,000 

69 

Channel 

20' 

2,500' 

3:1 

■ 

Channel 

175'  width 
3'  depth 
1 :1  side  slopes 
Streambank  protection 

$348,000 

70 

Culvert 

23' 

30' 

0 

■ 

Bridge 

100'  width 
4'  depth 

Vertical  side  slopes 

$78,000 

71 

Channel 

10' 

■ 

73 

Culvert 

2' 

60' 

Parallel 

Culvert 

18" 

74 

Channel 

2' 

1:1 

■ 

Channel 

4'  width 
2'  depth 
1 : 1 side  slopes 
Streambank  protection 

75 

Channel 

10' 

■AMjU 

1:1 

7' 

Channel 

40'  width 
7'  depth 
2:1  side  slopes 
Streambank  protection 

$424,000 

76 

Channel 

21' 

1:1 

■ 

Channel 

300'  width 
3'  depth 
1 : 1 side  slopes 

$220,000 

77 

Culvert 

23' 

30' 

0 

5' 

Bridge 

175'  width 

3'  depth 

2:1  side  slopes 

$98,000 

78 

Channel 

21 ' 

4,100' 

1:1 

3' 

Channel 

300'  width 
3'  depth 
1 : 1 side  slopes 

80 

Channel 

20' 

800' 

1:1 

4' 

Channel 

80'  width 
4'  depth 
1 :1  side  slopes 

$48,000 

82 

Channel 

20' 

1:1 

4' 

Channel 

80'  width 
4'  depth 
1 :1  side  slopes 

■1 

1 

Channel 

5' 

m 

■ 

■ 

Streambank  protection 

■i 

2 

Channel 

■i 

■ 

.75:1 

■ 

Channel 

Streambank  protection 

$111,000 
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EXISTING  FACILITIES 


ELtMl  NT 
NUMBER 


3 Channel 


5 I Channel 


6 Channel 


PIPE  DIAMETER 
OR  CHANNEL 


LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  1 

MAX 

DEPTH  OF 
CHANNEL 

625' 

.75:1 

6' 

Channel 

Streambank  protection 

1 

Channe 

1 

streambank  protection 

Channel 

Streambank  protection 

1 

Channel 

Streambank  protection 

Channel 

Streambank  protection 

Channel 

Streambank  protection 

Channel 

Streambank  protection 

Channel 

1 Streambank  protection 

1 

1 

1 

Channel 

12'  width 
4‘  depth 
1:1  side  slopes 
Streambank  protection 

39  1 

1 

1 

1 

Channel 

Ti 

42  1 

Channel 

61  ' 

1 

Channel 

72 

Channel 

56 

Channel 

Channel  15  width 
4*  depth 
1:1  side  slopes 
Streambank  protection 


Channel  15‘  width 
4'  depth 
1 : 1 side  slopes 
Streambank  protection 


$23,000 


$87,000 


Streambank  protection  $19,000 


Streambank  protection 


Channel  I Streambank  protection  I $23,000 


Th«*  E stirTMtrcl  (.apildl  Cmt  f<w  each  elemeni  incliHln  Contractor  prolit. 
enqirirei  »nq,  leqal  hhI  confinqenoes  In  addiKon.  lanr*  purchase  and 

e < mis  are  tncluded  inhere  land  is  recfoired  All  costs  are  teased 
itftirry  .jtrne  l9/3fHM:es 


Total  Estimated  Capital  Cost  $9,092,000 
Rounrt  To  $ 9 , 1 00 , 000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Alteitiaiive  , Sub  Basin  North  Creek 


Channel  Flood  plain  zone 


anne 


$16,000 


80 


Channel 


20' 


800' 


1:1 


4' 


Channel 


Streambank  protection 


$23,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 
Alternative  Sub  Basin  North  Creek 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Ait..na.,»,  Li Sub  B»,n  North  CreeE 


EXISTING  FACILITIES 

PROPOSED  FACILITIES 

eUMENT 
NUMBf  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

length 

CHANNEL 
SIDE  SLOPES 
IHoni  Vert  1 

MAX 

depth  of 
CHANNEL 

TYPE 

ESTIMATED 
capital  cost 

46 

Channel 

15' 

1,250' 

1:1 

■ 

Channel 

Streambank  protection 

m 

47  i 

Channel 

16' 

500* 

1:1 

■ 

Streambank  protection 

$22,000 

11 

Channel 

5' 



600' 

.75:1 

■ 

Channel 

Streambank  protection 

■ 

12 

Channel 

m 

■ 

Channel 

Streambank  protection 

$14,000 

13 

Channel 

m 

3,600' 



.75:1 

■ 

Channel 



Streambank  protection 

$136,066 

15 

Channel 

mi 

■ 

Streambank  protection 

16 

Channel 

5^ 

2,000' 

.75:1 

6' 

Channel 

Streambank  protection 

$77,000 

17 

Channel 



5' 

550' 

.75:1 

6' 

Channel 

Streambank  protection 

$21,000 

34 

- ^ 

Channel 

10' 

800' 

1:1 

Channel 

Streambank  protection 

IH 

1 ^ 

Channel 

5' 

600' 

.75:1 

■ 

Channel 

Streambank  protection 

$23,000 

2 

. 

Channel 

1 . . 

5' 

2,900' 

.75:1 



■ 

Channel 

Streambank  protection 

$111,000 

3 

Channel 

5' 

625' 

.75:1 

m 

Channel 

5 

r-  . 

Channel 

S' 

600' 

.75:1 

■ 

Channel 

Streambank  protection 

$23,000 

6 

Channel 

5' 

1,150' 

.75:1 

6' 

Channel 

Streambank  protection 

$44,000 

8 

Channel 

5' 

1,650' 

.75:1 

6' 

Channel 

Streambank  protection 

$63,000 

9 

Channel 

5' 

650' 

.75:1 

6' 

Channel 

Streambank  protection 

$25,000 

28 

Culvert 

36" 

40' 

Parallel 

Culvert 



30" 

$7,000 

Ih#  I litf  t»4Hh  tfl#»fTT»*nt  Conlrai  lor  prolit 

ifiqini>«>firtq.  li^i  and  r.fKititM|ef>n«n  In  .KVlitK>n,  laitd  ptiri  h«ne  and 
wwMarv  *•  < riiH  >tff  mcliided  whtvp  land  i*  All  rwH  ara  f»a«Pd 

<ifw>n  Jiinr  19/3  pfK.r\ 


\ 


Toial  Fstimatf^  Capital  Cost  »000 

RouihI  To  S2»900»OOC 
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REGIONAL  SUB-BASIN  C-8 


SWAMP  CREEK 


GENERAL  DESCRIPTION 


Swamp  Creek  Sub-Basin  is  located  north  of  Lake  Washington  within 
the  Cedar  River  basin.  The  sub-basin  drains  from  north  to  south  from 
Paine  Field  through  the  Swamp  Creek  freeway  interchange  and  Alderwood 
Manor.  It  discharges  to  the  Sammamish  River  at  Kenmore.  Generally,  it 
is  bounded  on  the  west  by  State  Highway  99  and  on  the  east  by  Martha 
Lake  and  Bothell.  The  basin  is  approximately  11  miles  long  and  two  and 
a half  miles  wide. 

The  sub-basin  geography  is  typical  of  Puget  Sound  uplands,  with 
gently  sloping  uplands  and  generally  narrow  valley  plains  adjacent  to 
the  creeks  that  drain  the  sub-basin.  The  sub-basin  is  intersected  by 
freeways  1-5  and  1-405. 

The  principal  streams  in  the  sub-basin  are  Swamp  Creek,  aoprox- 
imately  nine  miles  long  and  Scribber  Creek,  approximately  three  miles  long. 
Scribber  Creek  drains  the  Lynnwood-Alderwood  Manor  area  in  a southeast- 
erly direction  and  joins  Swamp  Creek  five  and  a half  miles  above  the  con- 
fluence with  the  Sanriamish  River.  Three  lakes  are  in  the  sub-basin. 

Stickney  Lake  forms  the  headwaters  of  Swamp  Creek.  Martha  Lake,  the  largest 
of  the  three,  drains  through  a small  tributary  to  Swamp  Creek  just 
before  it  flows  beneath  1-405.  Scribber  Lake  in  Lynnwood  is  a small 
neighborhood  lake  of  less  than  five  acres.  It  is  the  origin  of  Scribber 
Creek.  A wetland  area  of  approximately  100  acres  is  located  above  the 
Swamp  Creek  Interchange  1-5.  The  area  is  valuable  as  a wildlife  habi- 
tat, and  has  a significant  hydraulic  benefit  by  attenuating  high  flows 


in  Swamp  Creek. 

Streams 

Category 

Drainage  Area 

Discharge 

Swamp  Creek 

III 

24  sq.  mi. 

Sammamish  River 

Seri bber 
Creek 

III 

6.6  sq.  mi. 

Swamp  Creek 

Present  development  of  the  sub-basin  is  approximately  74%  single- 
family residential  with  a mixture  of  subdivision  and  rural  densities. 

The  Lynnwood,  Paine  Field,  and  Kenmore  areas  have  considerable  expan- 
ses of  comnercial  development.  Only  small  portions  of  the  creek's  length 
are  not  committed  to  residential -land  activity. 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land  Use 

Existing 

(197D-72) 

P.S.G.C  Land  Use 
Comprehensive 

Projection 
Corri dor 

Single  Family 

74 

75 

66 

Multiple  Family 

1 

3 

10 

Commerci al/Servi ces 

3 

8 

5 

Govt,  and  Educ. 

1 

2 

2 

Industrial 

2 

2 

Parks/Dedicated 
Dpen  Space 

5 

3 

3 

Agriculture 

5 

5 

Airports,  Railyards 
Freeways,  Highways 

1 

2 

2 

Unused  Land 

10 

5 

Water 

Total 

100 

100 

100 

Total  Impervious  Area 

15 

35 

35 

Future  development  in  the  sub-basin  will  probably  consist  of  an 
intensification  of  single-family  residential  areas  and  an  increase  of 
conmercial  and  multiple-family  residential  areas.  Some  existing  open 
lands,  which  are  presently  adjacent  to  existing  urban  centers,  may  be 
developed  for  conmercial  use,  such  as  the  proposed  Alderwood  Mall  at 
Lynnwood. 

Five  governmental  agencies  have  drainage  responsibilities  within  the 
sub-basin;  Snohomish  County,  70X  of  basin  area,  Lynnwood  23X,  King  County 
52,  Brier  IX,  and  Mountlake  Terrace  IX.  Swamp  Creek  is  within  the  Metro 
sewer  service  area.  Metro  will  provide  sewage-treatment  service  to 
portions  of  the  sub-basin  by  contract  with  the  Alderwood  Water  District. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

Generally,  the  streams  of  the  sub-basin  are  in  a natural  con- 
dition. Swamp  Creek's  flow  is  controlled  by  a series  of  culverts  at  the 
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Swamp  Creek  Interchange  and  at  the  downstream  crossing  of  1-405.  The 
wetlands  area  inmediately  above  the  Swamp  Creek  Interchange  attenuates 
downstream  flow.  Scribber  Creek  is  controlled  by  a culvert  under  1-5 
near  Lynnwood.  Lynnwood  is  the  only  area  that  has  a significant  man- 
made storm  drainage  system.  The  drains  discharge  urban  runoff  to 
Scribber  Creek  and  two  of  its  small  tributaries. 

Swamp  Creek  experiences  runs  of  coho,  cutthroat,  kokanee.  The  west 
branch  is  an  important  habitat  for  young  fish.  Swamp  Creek  also  supports 
Chinook  and  sockeye  salmon  runs,  and  portions  of  the  creek  have  been  used 
to  determine  the  extent  of  salmon  spawning. 

DRAINAGE  PROBLEMS 


The  major  reported  drainage  problem  within  Swamp  Creek  is  overbank 
flooding.  Presently,  Swamp  Creek  floods  above  the  Swamp  Creek  Inter- 
cnange  of  1-5  and  1-405.  Various  road  culverts  in  the  upper  reaches  of 
stream  also  are  surcharged.  Swamp  Creek  overflows  its  banks  be- 
the  confluence  of  Swamp  Creek  and  Scribber  Creek.  Sedimentation 
collection  of  debris  is  a problem  in  the  lower  portion  of  the  stream 
c it  enters  the  Sammamish  River. 

Scribber  Creek,  a main  tributary  of  Swamp  Creek,  experiences 
some  flooding  in  the  Lynnwood  and  Alderwood  Manor  areas. 

Water  pollution  in  the  creeks,  caused  by  septic  tank  effluent, 
is  expected  to  be  controlled  by  the  installation  of  sewers,  but  runoff 
from  urban  development  could  continue  to  degrade  water  guality. 

Flooding  problems  intensify  when  projected  with  future  land-use 
plans.  Additional  flooding  is  predicted  when  drainage  considerations 
are  related  to  the  2000  Comprehensive  Land  Use  Plan  and  the  2000  Corridor 
Land  Use  Plan.  The  intensity  of  the  problems  vary  when  alternative 
drainage  plans  are  used  for  projection. 

Land-use  projections  for  the  year  2000,  under  both  the  Comprehensive 
and  Corridor  Land  Use  Plans,  indicate  that  a significant  portion  of  the 
Swamp  Creek  Sub-Basin  will  be  covered  by  impervious  surfaces.  The  total 
impervious  area  in  this  sub-basin  under  existing  conditions  is  approximate- 
ly 1535  and  js  projected  under  either  plan  to  increase  to  approximately 
35%  of  the  total  land  area. 

The  2000  Comprehensive  Land  Use  Plan  generates  greater  flows 
and  therefore  more  critical  problems  would  be  expected  in  the  upper 
reaches  of  Swamp  Creek  as  compared  with  the  2000  Corridor  Land  Use  Plan. 

The  estimated  future  flows  from  Martha  Lake  are  greater  for  the  Corridor 
Plan  than  for  the  Comprehensive  Plan.  The  flows  originating  in  the  Lynn- 
wood area,  and  below  the  confluence  of  Swamp  and  Scribber  Creeks,  are 
approximately  equal  for  either  land  use  plan. 
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BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


The  cities  of  Lynnwood  and  Mountlake  Terrace  have  prepared  drainage 
master  plans.  No  downstream  impacts  upon  Scribber  Creek  were  assessed 
during  preparations  of  the  plans.  King  County  has  no  formal  plans  within 
the  sub-basin.  Snohomish  County  prepared  a broad  drainage  plan  for  the 
county  section  of  Swamp  Creek  in  their  WASH-USE-1  study  but  did  not  con- 
sider impact  upon  down-stream  reaches  in  King  County.  No  complete  sub- 
basin plan  has  been  developed.  Coordination  between  any  of  the  agencies, 
especially  Snohomish  County  and  King  County,  has  been  hampered  by  lack 
of  monetary  and  manpower  sources. 

Snohomish  County,  the  agent  which  controls  the  largest  area  within 
the  watershed,  has  a general  drainage  policy  for  preservation  of  the 
natural  drainage  system  that  limits  runoff  to  near  natural  rates,  es- 
pecially from  industrial  and  commercial  areas,  and  prohibits  all  inten- 
sive land-use  development  within  the  100-year  flood  plain.  These  general 
policies  are  compatible  with  the  philosophy  for  maintaining  a natural 
stream  environment,  a preference  for  which  has  been  expressed  by  the 
public  during  the  RIBCO  study.  King  County,  through  its  Environmental 
Development  Commission,  also  has  set  goals  for  preserving  the  natural 
environment  of  the  existing  stream  system. 

Staff  members  from  Lynnwood,  Mountlake  Terrace,  Snohomish  County 
and  King  County  have  reviewed  the  preliminary  alternative  plans  for 
drainage  developed  by  this  RIBCO  study  for  Swamp  Creek. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  Swamp  Creek  Sub-Basin  as  described 
by  local  agencies  was  evaluated  by  computer  simulation  applying  the  region's 
10-yeai  storm  to  the  year  2000  land  use.  Drainage  problems  thus  identified 
were  analyzed  and  possible  solutions  provided  in  development  of  alter- 
native plans  for  drainage  control  as  described  below. 

ALTERNATIVE  PLAN  I 


General  Concept 

The  general  concept  of  Alternative  Plan  I is  channelization  of 
Swamp  and  Scribber  Creeks  to  relieve  overbank  flooding.  Culverts  and 
strearabank  protection  would  be  provided  where  considered  necessary. 

Major  Features 

To  acconinodate  the  2000  Comprehensive  Land  Use  Plan,  almost  the 
entire  length  of  Swamp  and  Scribber  Creeks  would  require  channel  enlarge- 
ment, streambank  protection  or  both.  Most  existing  culverts  and  bridges 
in  the  upper  watershed  would  need  replacement.  Under  the  2000  Corridor 
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Plan,  a few  of  the  upper  channels  would  not  need  enlargement,  due  to  lower 
runoff  reflecting  different  land  use,  and  channel  enlargement  where 
required,  would  be  of  different  dimension. 

Cost 

The  cost  for  Alternative  Plan  I,  under  the  Comprehensive  Land 
Use  Plan,  is  estimated  to  be  $10  600,000.  The  cost  for  Alternative 
Plan  I,  under  the  Corridor  Land  Use  Plan,  is  estimated  to  be  $8,200,000. 

ALTERNATIVE  PLAN  II 


General  Concept 

Alternative  Plan  II  relies  upon  runoff  control  from  all  future 
development  within  the  Swamp  Creek  Sub-Basin,  and  attenuation  of  peak 
flows,  where  feasible,  by  construction  of  holding  ponds.  Flood-plain 
zoning  would  be  enacted  where  necessary.  This  plan  would  be  identical 
for  both  future  land  use  plans. 

Major  Features 

The  most  significant  feature  of  this  alternative  is  on-site  runoff 
control  for  all  future  development.  Runoff  would  be  limited  to  an  in- 
crease of  25%  above  existing  conditions.  Since  runoff  control  would 
be  provided  for  all  future  development  based  upon  existing  conditions, 
future  land-use  plans  would  not  affect  the  creek  system  directly.  Different 
land-use  patterns  would  dictate  the  quantity  of  on-site  detention  that 
would  be  necessary. 

Two  major  holding  ponds  are  included  in  this  alternative.  The 
first  is  located  at  the  Swamp  Creek  Interchange.  This  will  substan- 
tially reduce  downstream  flows.  A holding  pond  below  Lynnwood  on  Scribber 
Creek  also  is  proposed.  This  would  reduce  flows  in  the  lower  portion  of 
Scribber  Creek.  Stickney  Lake  and  Martha  Lake  also  are  used  to  attenuate 
downstream  flows.  No  major  modifications  of  the  natural  conditions  are 
suggested. 

Some  channelization  and  streambank  protection  would  be  required 
because  of  existing  conditions  that  cannot  be  acconmodated  by  diver- 
sion or  flood-plain  zoning. 

Cost 


The  cost  of  Alternative  Plan  II  is  estimated  to  be  $5,200,000. 
PEAK  FLOW  COfffARlSONS 

The  following  table  indicates  existing  and  probable  future  stream 
flows  under  the  alternative  drainage  and  land-use  plans. 


COMPARISON  OF  10  YEAR  PEAK  FLOWS 
(Cubic  Feet  per  Second) 

Comp,  & Corr.  Corridor 


Comprehensive  Land  Use  Land  Use  Land  Use 

Existing  A1  temati  ve  Alternative  Al  temati  ve 


Location 

Facilities* 

Plan  I 

Plan  II 

Plan  I 

Swamp  Creek 
Interchange 

125 

1025 

425 

725 

Mouth  of  Martha 
Lake  Outlet 

225 

290 

180 

330 

Scribber  Creek  at 
1-5 

275 

550 

475 

500 

Mouth  of  Scribber 
Creek 

650 

1100 

575 

1075 

Confluence  of  Swamp 
and  Scribber  Creek 

900 

1975 

925 

1750 

Mouth  of  Swamp  Creek 

450 

2100 

1050 

2000 

^OTE  flows  constricted  by  upstream  flooding. 

ENVIRONfCNTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 

Field  inspections  were  made  of  the  suggested  alternatives  for  this 
sub-basin.  This  process  was  followed  throughout  the  RIBCO  Study  de- 
veloping alternative  plans  for  the  various  regional  sub-basins.  The 
inspections  were  based  on  the  alternative-evaluation  procedure  which  iden- 
tified 34  unique  criteria  grouped  in  general  categories  as  follows: 

1)  Effectiveness,  2)  Human  Values,  3)  Environmental  Factors,  4)  Implemen- 
tation, and  5)  Resource  Requirements. 

Various  structural  elements  were  checked  against  the  appropriate 
criteria,  and  various  non-structural  elements  were  reviewed  for  their 
relationship  to  existing  and  probable  future  developments.  The  criteria- 
rating  total  for  Alternative  Plan  I under  the  Comprehensive  Land  Use  Plan, 
which  employs  channelization,  streambank  protection  and  enlarged  conduit, 
was  a minus  34  on  a scale  ranging  from  a possible  positive  total  of  108 
to  a negative  total  of  108.  A total -evaluation  rating  for  Alternative 
Plan  I,  under  the  year  2000  Corridor  Land  Use  Plan,  which  also  employs 
channelization,  streambank  protection  and  enlarged  conduit,  was  also  a 
negative  34.  No  discemable  difference  exists  In  the  overall  Impact 
of  the  two  Alternative  Plan  I solutions.  The  total  evaluation  rating 
^or  Alternative  Plan  II,  which  applies  to  both  the  year  2000  Corridor 
and  Comprehensive  Land  Use  Plans,  and  which  employs  storage  and  flood 
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plain  zoning  in  addition  to  channelization,  streambank  protection  and 
some  enlarged  conduit,  was  a positive  3. 


I 


I 


1 


\ 


All  three  alternatives  are  judged  to  be  about  equal  as  to  effec- 
tiveness for  providing  runoff  control.  Alternative  Plan  II,  because 
of  the  assumed  runoff  control  from  new  development,  does  have  a slight 
edge  due  to  its  probable  limitation  of  erosion  and  sedimentation.  All 
three  alternatives  are  judged  to  be  equal  in  human  values,  although  none 
of  them  rate  in  the  positive  range  for  this  category.  Alternative 
Plan  II  clearly  offers  more  environmental  protection  and  consideration 
and  is  the  only  alternative  plan  of  the  three  which  registered  a posi- 
tivii  rating  for  this  category.  Preservation  of  future  fisheries  poten- 
tial, under  all  alternative  plans,  will  require  extremely  sensitive  de- 
sign solutions  for  portions  of  the  creek  needing  streamhank  orotection 
and  channelization.  All  three  plans  are  considered  to  be  equally  diffi- 
cult to  implement  and  all  three  plans  have  relatively  significant  re- 
source requirements. 

Alternative  Plan  II  does  contain  two  critical  elements.  The  sug- 
gested use  of  storage  ponds  and  the  designation  of  certain  flood-plain 
zones,  should  be  implemented  as  an  early  organized  effort  if  these  so- 
lutions are  to  be  part  of  the  chosen  alternative.  Any  development  which 
occurs  within  the  flood-plain  areas  would  force  the  use  of  some  form 
of  structural  treatment,  such  as  channelization  or  streambank  protection. 
Also,  development  of  the  suggested  storage  sites  would  eliminate  their 
use  in  runoff  control,  and  would  force  the  use  of  more  structural  solution 
in  the  Swamp  Creek  sub-basin.  This  issue  should  be  brought  to  the  atten- 
tion of  all  affected  citizens  and  their  local  agencies.  It  also  should 
be  understood  that  this  alternative,  because  it  suggests  flood  plain  zoning, 
would  effectively  remove  the  portions  of  the  sub-basin  so  designated 
from  any  future  intensive  land  uses  typical  of  urbanized  areas. 

CONCLUSIONS 


Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I 
as  it  provides  the  best  control  during  high-flow  conditions  and  also  has 
the  additional  feature  of  assuring  year-around  stream  flows  and  control 
of  water  quality.  The  agencies  involved  in  managing  the  Swamp  Creek  Sub- 
Basin  should  establish  an  effective  agreement  on  a master  drainage  plan 
for  the  entire  sub-basin,  incorporating  the  conditions  of  Alternative  Plan 
II.  These  agencies  should  then  move  to  implement  and  enforce  the  required 
flood-plain  zoning  within  their  own  jurisdictions,  and  obtain,  through 
acquisition  if  necessary,  the  required  storage  areas. 

At  issue  is  which  agency  or  agencies  will  have  jurisdiction  and 
responsibility  for  control  of  urban  drainage  and  related  flood  damage 
and  problems.  There  is  also  the  issue  of  the  use  or  extent  of  use,  of 
land  use  and  zoning  control  methods  by  and  between  the  various  agencies. 
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Snohomish  County  should  have  primary  responsibility  for  control  of 
drainage  and  flood  ciamage  within  the  Swamp  Creek  Sub-Basin  and  the 
City  of  Lynnwood  and  King  County  should  exercise  control  of  future 
development,  including  any  necessary  flood-plain  zoning,  within  their 
respective  boundaries. 
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RUNOFF  QUALITY  SUW-IARY 
SWAMP  CREEK 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RIBCO  URBAN  RUNOFf  AND  BASIN  ORAINAGF  STUDY 


FXISTING  FACIUTIFS 


|PIP(  DIAMfTER 
OH  CHANNEL 


CHANNEL  MAX 

SIDE  SLOPES  depth  OF 


NLIMBER  TYPE  BOTTOM  WIDTH  LENGTH  (Hnn,  v«ll  CHANNEL 


PROPOSf  D f ACU  (TIES 

TVPi 

ESTIMATED 
CAP»TAl  COST 

Channel  ! 

46'  width 

5 ' depth 

2:1  s ide  slopes 

Streambank  protection 

$683,000 

Channel 

1 

45'  width 
5'  depth 
2:1  side  slopes 
Streambank  protection 

$517,000 

Replace- 
ment 
Cul vei t 

8'  X 3.5' 

$10,000 

Channel 

38'  width 
4'  depth 
1 : 1 side  slopes 

$120,000 

Replace- 

ment 

Culvert 

20'  X 4' 

$21,000 

Channel 

1 

38'  width 

4'  depth 

1:1  side  slopes 

$22,000 

Channel 

22'  width 

5'  depth 

2:1  side  slopes 

$32,000 

. 

Parallel 

Pipe 

36" 

$198,000 

Parallel 

Pipe 

48" 

$186,000 

Channel 

50'  width 
4'  depth 
2:1  side  slopes 
Streambank  protection 

$215,000 

i 

Channel  j 

! 

30'  width 

5'  depth 

2:1  side  slopes 

$273,000 

95'  width 
4'  depth 
2:1  side  slopes 
Streambank  protection 

100'  width 
4'  depth 
2:1  side  slopes 
Streambank  protection 


Replace-  35'  x 4 

ment 

Culvert 


I 
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RIBCU  URBAN  RUNOf-F  AND  BASIN  DRAINAGt  STUDY 


Aiififnaiivt !_ s..hR«m  bwdmp  Creek  - Comprehensive  Plan 


EXISTING  FACM.ITIES 

PROPOSED  FACILITIES 

ELfcMtNT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  I 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

■ 

5' 

5.000' 

1:1 

3' 

Channel 

8'  width 
3'  depth 
1:1  side  slopes 

$26,000 

75 

1:1 

4’ 

Channel 

10'  width 

4'  depth 

2:1  side  slopes 

10' 

1 ,800' 

1:1 

i 

4' 



Channel 

70'  width 

4'  depth 

2:1  side  slopes 

69 

Channel 

10' 

2,500' 

1:1 

B 

Channel 

70'  width 

4'  depth 

2:1  side  slopes 

$321,000 



68 

m 

0 

4' 

Culvert 

25'  X 4' 

67 

Channel 

1 

10' 

2.000' 

1:1 

4' 

Channel 

60'  width 

4'  depth 

2:1  side  slopes 

$219,000 

10' 

2,500' 

1:1 

4' 

Channel 

25'  width 
4'  depth 
2:1  side  slopes 

$102,000 

82 

Channel 

5' 

6,000' 

1:1 

3' 

Channel 

12'  width 
3'  depth 
2:1  side  slopes 

$122,000 

83 

Channel 

■ 

7,000' 

1:1 

■ 

80 

Replace- 

ment 

Culvert 

7'  X 4' 

$10,000 

■ 

3,500' 

1:1 

4' 

Channel 

12'  width 
4'  depth 
2:1  side  slopes 
Streambank  protection 

$216,000 

78 

■ 

2.8' 

30' 

0 

■ 

27'  X 4' 

$26,000 

60 

10' 

30' 

0 

■ 

Replace- 
ment 
Cul vert 

10'  X 6' 

$14,000 

59 

■ 

17' 

3,000' 

1:1 

6' 

Channel 

22'  width 

6'  depth 

2:1  side  slopes 

$300,000 

54 

MU 

m 

30' 

0 

■ 

Bridge 

45'  width 
3'  depth 
Vertical  walls 

$42,000 

53 

1 

10* 

5,000' 

2.5:1 

■ 

Channel 

80'  width 

4'  depth 

2:1  side  slopes 

$342,000 

50 

Culvert 

10' 

30' 

0 

B 

Replace- 

ment 

Culvert 

15'  X 6' 

$17,000 
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RtBCO  URBAN  RUNOfF  AND  BAStN  DRAINAGE  STUDY 


1 Swamp  Creek  - Comprehensive  Plan 


EXISTING  FACILITIES 


IPiPt  DIAMETER 
I OH  CHANNEL 


CHANNEL  MAX 

SIDE  SLOPES  0£  PTH  Of 


1 

I 

1 

2 

1 

00'  1.5 


Channel 

65'  width 

5'  depth 

2:1  side  slopes 

$314,000 

Channel 

70'  width 
5 ' depth 
2:1  side  slopes 
Streambank  protection 

$1  ,054,000 

Channel 

1 

125'  width 

6'  depth 

1:1  side  slopes 

r $441 ,000  ~ 

Channel 

i 

175'  width 
4'  depth 
1 : 1 side  slopes 

$990,000 

Flood 

plain 

zoning 

1 Sammamish  River  flood  | 
plain 

-0- 

Channel 

streambank  protection 

$106,000 

Channel  | Streambank  protection  $393,000 


Channel  ( Streambank  protection  $196,000 


iChannel 


00'  I 1:1 


2.000’  1.5:1 


Channel  | 

1 

Streambank  protection  ' 

1 

$11,000 

Channel 

streambank  protection 

$117,000 

Channel 

Streambank  protection 

$213,000 

Channel 

streambank  protection 

$283,000 

Channel 

Streambank  protection 

$172,000 

Channel 

Streambank  protection 

$435,000 

Channel 

1 

Streambank  protection 

$128,000 

fh**  1 tiinvfird  C/tpitdl  C<rtl  fm  inkM  irH.liidct  Contrar.tof  profit, 

t IhhI  (oriliogpfM-ief  In  <KklitMjn.  Idnd  purr.Kawf  and 

wirrarM  f rrnis  art*  includ«>d  Minr  larwf  «$  rr(|iiir«Hl  All  co«t>  ara  liasad 
np»»n  J«nr  19/1 

r 

L 

r 

C-8-13 

Total  Esiimaterf  Capital  Cost 
Round  To 

$10,562,000 

$10,600,000 

HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


«;.,h  a...n  Swamp  Creek  - Corridor  Plan 


EXISTING  FACILITIES 


PIPE  DIAMETER 
ELEMENT  OR  CHANNEL 

NUMBER  TYPE  BOTTOM  WIDTH  LENGTH 


PROPOSED  FACILITIES 


69  iChannel 


67  Channel 


62  Channel 


80  Culvert 


10'  2,500'  1:1 


10'  2,000'  1:1 


10'  2,500'  1:1 


Channel 

25'  width 
4'  depth 
2:1  side  slopes 

$60,000 

Channel 

25'  width 

4'  depth 

2:1  side  slopes 

$84,000 

Channel 

20'  width 

4'  depth 

2:1  side  slopes 

$63,000 

Channel 

10'  width 

4'  depth 

2:1  side  slopes 

$30,000 

Channel 

5'  width 
3'  depth 
2: 1 side  slopes 

$50,000 

Parallel 
Cul vert 

66" 

$15,000 

Replace- 
ment 
Cul  vert 

15*  X 4' 

$15,000 

Channel  I 50'  width 
j 4'  depth 
I 2:1  side  slopes 


Channel  j 45'  width 
4'  depth 
2:1  side  slopes 


$119,000 


Parallel 

Culvert 

42" 

$9,000 

Parallel 

Culvert 

18" 

$4,000 

Channel 

50'  width 
5'  depth 
2:1  side  slopes 
Streambank  protection 

$728,000 

Replace- 

ment 

Culvert 

8'  X 3.5' 

$10,000 

Channel 

35'  width 

4'  depth 

2:1  side  slopes 

$131,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGF  STUDY 


SiihRatir.  Swdinp  Creek  - Corridor  Plan 


15  1 

Channel 

25' 

900' 

13  1 

j 

Channel 

i 

1 

15' 

1 1 

3,000' 

PHOPOSfO  fACILlTlfS 

TYPF 

eSTIMATFD 
CAPITAL  COST 

Replace- 

ment 

Culvert 

18  ' X 4' 

$19,000 

Parallel 

Pipe 

42" 

$158,000 

Channel 

40'  width 
4'  depth 
2:1  side  slopes 
Streambank  protection 

$200,000 

Channel 

30'  width 
5'  depth 
2:1  side  slopes 
Streambank  protection 

$273,000 

85'  width 

4'  depth 

2:1  side  slopes 


60  Width 

5'  depth 

2:1  side  slopes 


$322,000 


Channel 

60'  width 
5 ' depth 
2:1  side  slopes 
Streambank  protection 

$927,000 

Channel 

110'  width 

6'  depth 

2:1  side  slopes 

$417,000 

Channel 

160'  width 
4 ' depth 
2:1  side  slopes 
Streambank  protection 

$882,000 

Flood 

plain 

zone  1 

Saimamish  River  flood 
plain 

Streambank  protection 

$128,000 

Streambank  protection 

$106,000 

Streambank  protection 

$224,000 

Streambank  protection 

$393,000 

Streambank  protection 

1 

$196,000 

30'  width 

4 ' depth 

2:1  side  slopes 

$25,000 

25'  width 

5'  depth 

2:1  side  slopes 

$38,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


i 


Si.h  H«.n  Swamp  Creek  - Corridor  Plan 


element 

number 

EXISTING  FACILITIES 

PROPOSED  facilities 

TVPE 

Pipe  diameter 

OR  CHANNEL 
BOTTOM  width 

length 

CHANNEL 

Side  slopes 

(Horn  Vert  1 

MAX 

DEPTH  OF 
CHANNEL 

type 

ESTIMATED 
capital  COST 

36" 

3,000' 



1 

Parallel 

Pipe 

36" 

$198,000 

Channel 

20' 

2:1 

5' 

Channel 

Streambank  protection 

$242,000 

21 

Channel 

10' 

300' 

1:1 

5' 



Channel 

Streambank  protection 

$11,000 

19 

Channel 

10' 

■ 

9 



streambank  protection 

$117,000 

30 

Channel 

10' 

6,000' 

1 

1:1 

■ 

Channel 

Streambank  protection 

$213,000 

33 

10' 

1:1 

■ 

■ 

Channel 

19' 

2,700' 

.75:1 

10' 

Channel 

Streambank  protection 

$172,000 

■ 

■■ 

■ 

in 

Streambank  protection 

$435,000 

Th«  Estimate)  Capital  Cost  for  each  eiement  ir>cludes  Contractor  profit. 
er>gineerin9.  i09ai  and  contingencies  In  addition,  lar>d  purchase  ar>d 
ieverarx:e  costs  are  >r>ciuded  where  lartd  is  required  AM  costs  are  based 
upon  Jur>e  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


$8,208,000 

$8,200,000 


i 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 

Comprehensive 

re  ___JJ Siihfiit^m  Swamp  Creek  - and  Corridor  Plans 


EXISTING  FACILITIES 


[PIPE  DIAMETER 
I OR  CHANNEl 


CHANNEL  MAX 

SIDE  SLOPES  depth  OF 


NUMBER  TVPE  BOTTOM  WIDTH  LENGTH  Vert  ) CHANNEL  TYPE 


PROPOSE  D EACH  ITIES 

TYPE 

1 

ESTIMATED 
CAPITAL  COST 

Channel  1 

1 

i 

30'  width 

4’  depth 

1 : 1 side  slopes 

$70,000 

Channel 

30'  width 

4*  depth 

1:1  side  slopes 

$96,000 

Channel 

25'  width 

4'  depth 

1:1  side  slopes 

$58,000 

Replace- 

ment 

Culvert 

54" 

$12,000 

Replace- 

ment 

Culvert  1 

8'  X 4' 

$10,000 

Replace-  | 
ment  ; 
Culvert  1 
j 

10'  X 4' 

$12,000 

Channel  ' 

1 

I 

— -j 

Flood  plain  zone 

-0- 

Holding  | 
Pond 

! 

j 

21  AF 

' 

$145,000 

Outlet  j 
Control 

Martha  Lake 

$8,000 

Parallel 

Culvert 

60" 

$13,000 

Channel 

35'  width 
4'  depth 
1 :1  side  slopes 

$107,000 

Replace- 
ment 
Cul vert 

16'  X 4' 

$18,000 

Channel 

20'  width 

5'  depth 

2:1  side  slopes 

$29,000 

Parallel 

Pipe 

48" 



$198,000 

Holding  31  Af 
Pond 


Parallel 

Pipe 

33" 

I j 

$120,000 

Channel 

j Flood  plain  zone 

1 

-0- 

f 

( 

t 

( 
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RmCO  URBAN  RUNOFF  AND  BASIN  DRAINAGl  STUDY 

Comprehensive 

e U q.rfi  Swamp  Creei*^  - and  Corridor  Plans 


EXISTING  FACILITIES 


PIPE  OlAWETER  CHANNEL  MAX 

ELEMENT  OR  CHANNEL  SIDE  SLOPES  DtPTH  OF 

NUMBER  TYPE  BOTTOM  WIDTH  LENGTH  <Hon/  Veri  | CHANNEL  TYPE 


PROPOSED  FACILITIES 


85 

Channel 

i 

15' 

61 

Channel 

15' 

S9  Channel 


45  Channel  i 15' 


41  Channel  20'  7.300'  1:1 


ESTIMATED 
CAPITAL  COST 


$173,000 


$250,000 


$404,000 


Channel  ^ 45 ' width 
4'  depth 
1 ; 1 side  slopes 
Streambank  protection 

Channel  75'  width 

6'  depth 
1 : I side  slopes 

Channel  86'  width 

4'  depth 
1 : 1 side  slopes 
_ ^ Streambank  protection 

Channel  I Flood  plain  zone 


Channel  | Streambank  protection  ) $393,000 

I 

I 


Channel  i Streambank  protection  $196,000 


6’  Channel  i Streambank  protection  | $106,000 


Channel  i Streambank  protection  | $127,000 

; 1 

I 


Channel  | Streambank  protection  | $224,000 

I 

H ^ 

Channel  i Streambank  protection  [ $258,000 


39  Channel  20'  4,500'  2:1  5'  Channel  j Streambank  protection  $242,000 

i I 


Channel  Streambank  protection  $283,000 

Channel  Streambank  protection  $212,000 

21  Channel  10'  300*  1:1  5'  Channel  Streambank  protection  $11,00 


Channel  Streambank  protection  | $71,000 


5*  Channel  Streambank  protection  $160,000 


Channel  Streambank  protection  $25,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  ORAINAGF  STUDY 


Comprehensive 

Aitetrwtivr U Siih  Rh'ii.  Swamp  Creek  - and  Corridor  Plans 


EUMt  NT 
NUWBE  R 

EXISTING  FACILITIES 

PROPOSED  EACH  ITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEl 
BOTTOM  WK^TH 

1 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  I 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

n 

Channel 

20' 

1 ,800' 

1:1 

5' 

Channel 

Streambank  protection 

$73,000 

9 

Channel 

20' 

6,000' 

1:1 

5' 

Channel 

Streambank  protection 

” $242,000 

7 

Channel 

19' 

2,700' 

.75:1 

10' 

Channel 

Streambank  protection 

$172,000 

4 

Channel 

3' 

9,500' 

1.5:1 

5' 

Channel 

streambank  protection 

$435,000 

1 

1 

Channel 

33' 

2 ,000 ' 

1 .5:1 

7' 

Channel 

Streambank  protection 

$128,000 



The  £si»maiwl  Capiiat  Cost  lor  each  elc'^nent  ifKiudes  Contractor  profit 
enqtneennq,  leqal  arxl  contingencies  In  addition,  land  purrhast*  and 
sever drx:e  costs  are  included  where  larwl  is  required  All  costs  are  based 
upon  Jur«»  1973  prices 


► 


Total  Estimated  Capital  Cost 
Round  To 


$5,220,000 

$5,200,000 


I 


5 

I 
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REGIONAL  SUB-BASIN  C-9 


♦ 


SAMMAMISH  RIVER 


GENERAL  DESCRIPTION 


The  Sanmamish  River  Sub-Basin  is  located  directly  south  of  the 
King  County-Snohomish  County  line  and  extends  from  Lake  Washington  east- 
erly approximately  four  miles  to  Woodinville,  then  southerly  eight 
miles  to  Lake  Sammamish.  Only  the  City  of  Bothell  is  located  directly 
within  the  sub-basin,  although  the  sub-basin  itself  is  bordered  in  part 
by  Kirkland,  Redmond,  Woodinvil le,and  Kenmore.  Bothell  and  each  of  the 
bordering  cities,  other  than  Kirkland,  is  adjacent  to  a major  tributary 
(North  Creek,  Evans  Creek,  Bear  Creek  and  Swamp  Creek,  respecti vely) , 

The  Sammamish  River  flows  from  its  origin  in  Lake  Sammamish  to  Lake 
Washington. 

The  geography  of  the  sub-basin  varies  considerably.  The  entire 
river  valley  is  a broad-plained,  gently-sloping  alluvial  fan.  Adjacent 
to  this  plain  are  plateaus  and  medium  hills.  The  sub-basin  boundary 
is  delineated  by  natural  features  such  as  ridge  lines  and  mountain  sad- 
dles. Where  the  boundary  passes  through  an  urbanized  area,  such  as 
Rednond  and  Bothell,  the  boundary  of  the  sub-basin  is  governed  by  man- 
made features  such  as  street  grading  and  levees. 

There  is  only  one  principal  stream  within  the  sub-basin,  that 
being  the  Sanmamish  River.  This  river,  approximately  13  miles  long, 
extends  the  entire  length  of  the  sub-basin,  and  drops  approximately  15 
ft.  from  Lake  Sammamish  to  Lake  Washington  through  a series  of  natural 
and  man-made  levied  sections.  The  stream  is  considered  geologically 
old,  for  the  natural  strean4)ecl  is  sinuous  throughout  and  oxbowed  in 
several  places.  Portions  of  the  stream,  particularly  that  portion 
north  of  Redmond,  is  aligned  in  a straight  reach  by  levees  that  were  built 
by  U.  S.  Army  Corps  of  Engineers  and  are  maintained  by  King  County. 

Present  land  development  in  the  Sanmamish  River  sub-basin  is 
predominately  agricultural  along  the  flood  plain  or  undeveloped  (wooded) 
along  the  adjoining  plateaus  and  hillside  areas.  Single-family  resi- 
dential areas  are  interspersed  throughout  the  sub-basin.  Development 
is  more  dense  near  the  confluence  of  major  tributaries.  There  also 
is  a low  percentage  of  land  use  devoted  to  institutional  uses  (governmen- 
tal and  educational),  and  commercial  and  industrial  uses,  particularly 
near  the  mouth  of  the  River. 

Future  development  trends  projected  by  the  Comprehensive  and  Cor- 
ridor Land  Use  Plans  for  the  year  2000  are  similar.  Almost  all  existing 
undeveloped  land  (40%)  is  projected  to  be  developed  either  as  open  land, 
such  as  parks,  or  as  single-family  residential.  All  other  land-use  types 
remain  about  the  same  as  existing  levels  of  development. 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAUD  USE 


Land  Use 

Existing 

(1970-72) 

P.S.G.C  Land  Use 
Comprehensive 

Projection 
Corri dor 

Single  Family 

10 

30 

30 

Multiple  Family 

5 

5 

Commercial/ 

Services 

5 

5 

5 

Govt,  and  Educ. 

5 

5 

5 

Industrial 

5 

5 

5 

Parks/Oedicated 
Dpen  Space 

5 

20 

20 

Agriculture 

30 

20 

20 

Airports,  Railyards, 
Freeways,  and  Highways 

5 

5 

Unused  Land 

40 

5 

5 

Water 

Total 

100 

100 

100 

Total  Impervious 
Area 

15 

30 

30 

Jurisdiction  within 
and  in  part,  by  the  cities 

the  sub-basin 
of  Kirkland, 

is  exercised  by  King  County, 
Recinond,  and  Bothell. 

NATURE  OF  EXISTING  DRAINAGE 

SYSTEM 

The  nature  of  the  drainage  system  is  varied.  In  addition  to  sev- 
eral major  point  sources  of  inflow,  the  flow  in  the  Sammamish  River  is 
affected  by  both  Lake  Washington  at  its  mouth  and  Lake  Sammamish  at 
its  origin  where  a static  wier  is  located.  The  flow  within  the  river 
is  somewhat  varied  due  to  both  the  man-made  and  "natural"  sections.  There 
are  no  lakes  within  the  sub-basin,  nor  are  there  any  upland  wetlands. 

The  river  is  fairly  well  contained  within  the  natural  and  man-made  levees. 
During  high  flows  in  the  river,  water  flows  from  the  main  channel  into 
agricultural  canals  and  floods  some  surrounding  lands. 

Man-made  facilities  within  the  sub-basin  consist  of  major  works, 
such  as  the  levees  along  the  Sammamish  River,  and  ditches  for  draining 
adjacent  land. 
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The  Sammamish  River  is  important  for  several  reasons.  One  ob- 
vious reason  is  agricultural  benefit.  The  river-basin,  near  the  ma.ior 
metropolitan  area  of  Seattle,  is  presently  a highly  productive  agri- 
cultural area.  Also,  it  has  situated  around  it  natural  recreational 
areas  for  hiking,  boating  and  fishing.  The  river  provides  an  important 
passageway  for  coho  and  Chinook  salmon. 

DRAINAGE  PROBLEMS 


The  major  problems  in  the  Sammamish  River  Sub-Basin,  as  reported 
by  local  citizens  and  as  simulated  with  computer  models,  is  flooding 
of  lands  directly  adjacent  to  the  Sammamish  River  and  along  some  tribu- 
taries. Point  source  inflows  from  Lake  Sammamish,  Evans  Creek,  Bear 
Creek,  North  Creek,  and  Swamp  Creek  were  not  considered  in  this  analy- 
sis. Therefore,  the  term  tributaries,  as  defined  herein,  refers  to 
agricultural  drainage  streams,  man-made  drains  from  the  cities  of  Redmond  and 
Bothell,  and  similar  water  courses.  The  flooding  problems  tend  to  be 
concentrated  near  population  centers,  such  as  Bothell,  Woodinville, 
and  Redmond.  The  severity  of  the  problems  is  presently  moderate,  al- 
though in  future  years  these  problems  will  become  more  acute. 

The  recent  Sammamish  River  channel  improvements  by  the  Corps  of 
Engineers,  with  local  sponsorship  by  King  County,  were  constructed  to 
accommodate  1,500  cfs  at  the  Lake  Satimamish  outlet  and  discharge  1,900 
cfs  into  Lake  Washington.  However,  the  projected  10-year  peak  flows 
for  the  three  main  tributary  streams,  (North,  Bear  and  Evans  Creeks) 
under  P.S.G.C.'s  year  2000  land  use  plan  total  more  than  2,500  cfs. 

Therefore,  the  existing  Sammamish  River  Channel  cannot  accommodate 
the  peak  rates  of  runoff  under  the  projected  year  2000  land  use. 

Problems  consist  of  ponding  near  Snyders  Corner,  erosion  and  ditch 
flooding  in  Redmond,  stream  flooding  and  ponding  near  Earlmont  and 
Willows,  ditch  flooding,  ponding,  erosion  and  slides  around  Bothell, 
and  debris  deposits,  stream  and  ditch  flooding,  and  erosion  near  Ken- 
more. 


It  is  significant  that  the  year  2000  Comprehensive  Land  Use  differs 
from  the  year  2000  Corridor  Land  Use  in  the  Sammamish  River  Sub-Basin. 

As  seen  in  the  preceding  table  of  land  uses,  the  total  existing  im- 
pervious area  is  15%  and  is  expected  to  increase  under  both  land-use 
projections  to  approximately  30%.  The  major  difference  in  the  two  land- 
use  plans  is  in  the  geographic  location  of  the  various  land  uses  and 
the  runoff  that  would  result. 

The  conclusion  reached  by  directly  comparing  the  results  of  the 
computer  simulations  is  significant;  Comprehensive  Plan  flows  exceed 
(by  about  20%)  that  of  the  Corridor  Plan  in  almost  all  upstream  reaches. 

In  the  downstream  reaches,  flows  are  almost  identical.  Because  the  Com- 
prehensive Plan  shows  larger  peak  flows  than  the  Corridor  Plan,  the  Com- 
prehensive Plan  has  been  used  for  the  development  of  the  preliminary 
alternative  plans  described  below. 
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BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

! 

The  Corps  of  Engineers  has  been  actively  involved  in  past  planning 
for  this  sub-basin,  but  does  not  have  any  planning  underway  at  this  time. 
The  City  of  Redmond  and  Bothell  both  have,  in  part,  storm  drainage 
master  plans. 

Future  land-use  projections  indicated  in  both  the  Year  2000  Com- 
prehensive Plan  and  Corridor  Plan  have  principally  well  developed  non- 
conflicting land-use  outlines  that  coordinate  well  with  the  natural 
features  within  the  sub-basin. 

Staff  members  from  King  County  Public  Works  Department,  Hydrau- 
lics Division  and  the  City  of  Redmond  Engineering  and  Planning  Depart- 
ments have  reviewed  the  initial  alternative  plans  for  drainage  developed 
by  this  RIBCO  Study  for  the  Sammamish  River  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  Sammamish  River  Sub-Basin  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  the  region's  10-year  storm  to  P.S.G.C.  year  2000  land  use. 
Drainage  problems  thus  identified  were  analyzed  and  possible  solutions 
provided  for  development  of  alternative  plans  for  drainage  control  as 
described  below. 

ALTERNATIVE  PLAN  I 


General  Concept 

This  concept  deals  primarily  with  placement  of  parallel  pipelines 
and  flood-plain  zoning  to  solve  the  flooding  and  erosion  problem. 

Major  Features 

Computer  simulation  indicates  flooding  will  occur  principally  in 
the  City  of  Bothell  and  along  several  tributaries  south  of  Woodinville. 

Where  flooding  is  expected  to  occur  such  as  in  Woodinville  or 
Bothell,  a parallel  pipeline  with  sufficient  capacity  to  convey  the  flow 
in  excess  of  the  capacity  of  present  facilities  was  used  to  alleviate 
flooding. 

In  contrast  to  this  parallel  pipeline,  if  flooding  is  expected  to 
occur  in  an  area  that  is  predominantly  agricultural,  such  as  between 
Redmond  and  Woodinville,  the  concept  of  flood-plain  zoning  was  used. 
Flood-plain  zoning  is  recommended  for  all  areas  directly  adjacent  to  the 
SaoMamish  River. 
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Cost 


► 


The  cost  for  this  alternative  is  estimated  to  be  $900,000. 
ALTERNATIVE  PLAN  II 

General  Concept 

This  concept  is  identical  to  Alternative  Plan  I,  except  land  use 
controls  are  added. 

Major  Features 

The  nost  significant  feature  of  this  alternative  is  that  of  land- 
use  control.  Essentially,  development  is  controlled  in  the  sub-basin  so 
that  runoff  is  limited  to  approximately  the  same  level  that  would  occur 
under  present  conditions. 

Presently,  King  County  has  a storm  drainage  policy  for  land 
development  that  states,  "...  draineige  plans  shidl  provi^  storm  water  re- 
tention facilities  so  that  peak  discharge  from  the  site  will  not  be 
increased  by  wre  than  25X  due  to  the  proposed  development." 

Both  parallel  pipelines  and  flood-plain  zoning  will  be  required 
in  the  Sammamish  River  Sub-Basin  even  if  the  land  use  controls  are 
imposed  on  all  new  development. 

Because  land-use  control  creates  less  runoff  per  unit  area,  the 
size  of  parallel  pipelines  and  area  of  flood  plains  will  be  less  than 
that  required  for  Alternative  Plan  I. 

Cost 

The  cost  for  this  alternative  is  estimated  to  be  $700,000. 

PEAK  FLOU  COMPARISONS 


The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  under  alternative  drainage  management  solutions  for  the 
year  2000.  The  peak  flows  are  given  for  locations  noted. 
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COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Location 

Facilities 

A1 ternative 
Plan  I 

A1 ternative 
Plan  II 

1/2  Mile  Downstream 
from  Redmond 

360 

430 

160 

1st  Tributary  on  West 
Side,  Downstream  from 
Redmond 

480 

480 

240 

Willows 

860 

880 

470 

Hoi lywood 

840 

870 

520 

Bothell  Bridge 

580 

640 

420 

SR527 

90 

280 

190 

Wayne 

530 

550 

370 

Mouth 

450 

530 

370 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 

Field  inspections  were  made  to  judge  the  applicability  of  the  sug- 
gested alternative  plans  for  this  sub-basin.  This  procedure  was  followed 
throughout  the  RIBCO  Study  in  developing  alternative  plans  for  the 
various  regional  sub-basins.  The  inspections  were  based  on  the  alterna- 
tive evaluation  procedure  which  identified  34  unique  criteria  grouped  in 
general  categories  as  follows:  1)  Effectiveness,  2)  Human  Values,  3) 

Environmental  Factors,  4)  Implementation,  and  5)  Resource  Requirements. 

The  various  structural  solutions  were  checked  against  the  appropriate 
criteria  and  the  various  non-structural  solutions  were  reviewed  for  their 
relationship  to  existing  and  probable  future  developments.  The  criteria 
rating  total  for  Alternative  Plan  I,  which  employs  diversion,  some  en- 
larged conduit  and  flood-plain  zoning,  is  a plus  39  on  a scale  ranging 
from  a positive  total  of  108  to  a negative  total  of  108.  The  total  evalu- 
ation rating  for  Alternative  Plan  II,  which  employs  some  enlarged  con- 
duit, diversion,  flood-plain  zoning,  and  runoff  control  for  future  develop 
ment  was  a plus  64. 

Both  alternative  plans  are  Judged  to  be  highly  effective  for  con- 
trolling runoff  under  future  land-use  conditions.  Both  alternatives  also 
received  positive  ratings  for  promotion  of  human  values.  Alternative 
Plan  II  received  a nearly  perfect  score  for  environmental  factors  because 
of  its  combination  of  runoff  control  and  flood-plain  zoning.  It  was  felt 
that  water  quality,  low-flow  conditions,  the  groundwater  table  and  the 
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natural  drainage  system  all  will  be  enhanced  by  use  of  this  system. 
Alternative  Plan  I also  received  a positive  rating  on  environmental  fac- 
tors but  does  not  provide  the  same  protection  of  water  quality  or  low- 
flow  conditions  nor  does  it  enhance  groundwater  recharge.  Both  alter- 
native plans  are  judged  to  be  equally  difficult  to  implement  as  they 
involve  cooperative  action  of  two  jurisdictions  and  to  be  successful 
they  must  be  initiated  in  the  fairly  immediate  future.  Resource  require- 
ments are  not  extensive  for  either  alternative  reflecting  in  positive 
ratings  in  this  category. 

A critical  element  conmon  to  both  alternatives  is  the  proposal  to 
use  flood-plain  zoning  along  the  various  feeder  tributaries.  This 
treatment,  if  it  is  to  be  part  of  the  chosen  alternative,  should  be  im- 
plemented as  an  early  organized  effort  of  the  involved  agencies.  Any 
development  which  occurs  within  the  designated  flood-plain  areas,  will 
force  the  use  of  more  complex  drainage  control  than  either  alternative 
contemplates.  Alternative  Plan  II,  in  addition,  relies  upon  control 
of  runoff  from  new  development  to  no  more  than  25%  of  existing  volume. 
This  provision,  again,  requires  immediate  attention  by  the  involved 
local  agencies.  These  issues  should  be  brought  to  the  attention  of 
all  affected  citizens  and  their  local  governments.  It  also  should  be 
understood  that  both  alternatives,  because  they  suggest  flood-plain 
zoning,  would  effectively  remove  that  portion  of  the  sub-basin  that  is 
within  the  designated  flood-plain  zone  from  any  future  intensive  land 
uses  typical  of  urbanized  areas. 

CONCLUSIONS 

While  both  alternatives  received  positive  ratings.  Alternative 
Plan  II  is  superior  to  Alternative  Plan  I because  it  does  not  require 
extensive  structural  work  within  the  sub-basin  and  it  assures  water 
quality  and  low-flow  conditions  in  the  various  tributaries. 

King  County  and  the  City  of  Bothell  should  establish  an  effective 
agreement  for  a master  drainage  plan  that  incorporates  the  provisions  of 
Alternative  Plan  II.  Both  agencies  should  then  move  to  implement  and 
enforce  required  flood-plain  zoning  within  their  own  jurisdictions  and 
make  provisions  to  assure  that  runoff  controls  are  part  of  future  de- 
velopment. Because  of  the  extensive  sub-basin  land  area  within  King 
County  jurisdiction,  the  County  should  have  responsibility  for  control 
of  drainage  and  flood  damage  within  the  Sammamish  River  Sub-Basin; 
the  City  of  Bothell  and  King  County  should  enforce  zoning,  including 
flood-plain  zoning,  within  their  respective  boundaries  and  concurrent 
jurisdiction  in  the  outer  fringe  areas  of  the  City  of  Bothell. 
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BASED  UPON  A 10-YEAR  STORM  PRECEDED  BY  15  DAYS  WITH  LITTLE  OR  NO  RAINFALL# 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


EXISTING  FACILITIES 


PROPOSED  FACILITIES 


element 

NUMBER 

TYPE 

12 

Pipe 

14 

Pipe 

15 



Pipe 

OR  CHANNEL 


CHANNEL  MAX 

SIDE  SLOPES  DEPTH  OF 


T^e  Estimated  Capital  Cost  for  each  element  includes  Contractor  proht, 
engineering,  ie^ai  and  contingencies  In  addition,  land  purchase  and 
severance  costs  are  included  where  land  is  required  All  costs  are  based 
upon  June  1973  prices 


ESTIMATED 
CAPITAL  COST 


Parallel 

24"  1 

$63,000 

jPlpe 

1 ,500' 

1 

Total  EsllM^ated  Capital  Cost  $864,000 

Round  To  $900,000 
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RIBCO  URBAN  RUNOFf  AND  BASIN  ONAINAGE  STUDY 
Altert>dtive  11 Sub  Basin  S«imiaiii1  sh  River 


Th»  EstimalH]  Capital  Cost  for  each  element  includes  Contractor  profit, 
en^ineennq  ieqal  and  contingencies  In  addition,  land  purchase  and 
severance  costs  are  included  where  larxl  is  required  All  costs  are  based 
upon  Jur>e  t973  prices 


Total  Estirr^ted  Capital  Cost  $689*000 

Round  To  $700*000 


REGIONAL  SUB-BASIN  C-10 


JUANITA  CREEK 


GENERAL  DESCRIPTION 


Juanita  Creek  Sub-Basin  lies  north  of  Kirkland  within  the  drainage 
divide  established  by  84th  Avenue  Northeast,  the  Sanmamish  River  basin  and 
N.E.  116th  Street.  The  head  of  Juanita  Creek  is  east  of  Interstate  405  near 
the  Kingsgate  residential  area.  The  stream  discharges  to  Lake  Washington 
at  Juanita  Beach. 

The  sub-basin  geography  is  rolling  glaciated  upland  area  typical  of 
the  Puget  Sound  region.  The  sub-basin  rises  from  15ft.  elevation  at  the 
rather  flat  estuary  and  valley  of  Juanita  Bay  to  elevations  greater  than 
300  feet  near  the  1-405  Freeway.  Several  smaller  valleys  with  mild  slopes 
up  to  the  higher  ridges  and  plateaus  give  the  sub-basin  a well-defined 
natural  drainage  system. 

Several  smaller  streams,  some  of  which  are  fed  by  springs,  converge 
with  Juanita  Creek  throughout  Its  entire  course.  Juanita  Creek  is  currently 
being  gaged  near  its  mouth  by  the  U.  S.  Geological  Survey. 

The  sub-basin  has  undergone  a steady  transition  from  rural  to  urban 
residential  land  use.  Storm-drainage  systems,  constructed  for  each  new 
development,  discharge  directly  to  Juanita  Creek  or  to  its  small  tributa- 
ries. Flow  volumes  and  peak  discharge  rates  are  increasing.  The  land-use 
pattern  is  expected  to  intensify  as  shown  in  the  following  table  prepared 
from  PSGC  records. 


Streams 

Category 

Drainage  Area 

Discharge 

Juanita  Creek 

III 

7 sq.  mi. 

Lake  Washington 

PERCENT 

OF  SUB-BASIN  AREA 

IN  SPECIFIED  LAND 

USE 

P.S.G.C.  Land 

Use  Projection 

Land 

Existing 

Use 

(1970-72) 

Comprehensive 

Corri dor 

Single  Family 

64 

80 

80 

Multiple  Family 

2 

2 

Cofline  rci  a 1 /Se  rvi  ces 

5 

5 

5 

Govt,  and  Educ. 

5 

3 

3 
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P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Industrial 

5 

5 

Parks /Dedicated  Open  Space 

1 

1 

Agriculture 

5 

Airport,  Railyards, 
Freeways,  Highways 

1 

1 

1 

Unused  Land 

20 

3 

3 

Water 

Total 

100 

100 

100 

Total  Impervious  Area 

30 

35 

35 

There  currently  Is  pressure  to  develop  comnerclal  properties  around 
Totem  Plaza  and  major  arterials.  Medium  to  high-density  residential  tracts 
may  be  anticipated  as  the  east  side  of  Lake  Washington  expands  as  a major 
comnerci a 1 -employment  center.  King  County  has  jurisdiction  over  approxi- 
mately 902  of  the  sub-basin.  A small  portion  of  the  uplands  north  of  N.E. 
145th  Street  and  west  of  100th  Avenue  N.E.  is  in  the  City  of  Bothell,  and 
the  area  between  N.E.  116th  and  N.E.  132nd  Streets  between  116th  and  124th 
Avenues  N.E.  is  within  the  City  of  Kirkland  corporate  limits. 

Stream  gradients  within  the  sub-basin  vary  from  flat  to  mild.  The 
flat  boggy  areas,  such  as  along  N.E.  124th  Street,  are  poorly  drained. 

Numerous  culverts  across  roads  establish  grade  control.  Many  of  the 
road  crossings,  bridges  and  culverts,  were  constructed  when  the  sub-basin 
was  rural  and  have  inadequate  capacity  for  current  conditions.  Upland  areas 
contained  several  bogs  and  small  lakes  at  one  time,  but  these  have  been 
gradually  filled  for  project  development.  Runoff  velocities  and  peak  flows 
p*.  will  continue  to  increase  as  this  type  of  development  takes  place.  The 

natural  stream  system  is  the  main  collector  drain  for  several  suburban  pro- 
jects and  the  sub-basin  as  a whole,  and  all  available  wetlands  serve  to 
reduce  peak  rates  of  flow  in  the  natural  system. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  existing  drainage  system  consists  of  the  natural  flowing  stream 
and  its  tributaries,  several  wetland  areas  acting  as  filtration  and  reten- 
tion basins,  and  a partial  system  of  lateral  storm  drains  and  culverts  and 
bridges.  Lake  Whittenmeyer  the  only  named  body  of  water  in  the  Juanita 
Creek  Sub-Basin.  The  stream  course,  wetlands,  and  ravines  still  are  easily 
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identified  within  the  sub-basin  and  they  serve  as  an  existing  urban  amenity 
in  this  developing  part  of  the  central  Puget  Sound  region.  Although  the 
stream  is  being  encroached  upon  by  urban  development,  it  still  has  signifi- 
cant natural  areas  that  support  wildlife  commonly  found  in  this  area. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


King  County  has  developed  a preliminary  drainage  plan  for  the  sub- 
basin that  would  utilize  a closed-conduit  drainage  system  to  relieve 
natural  channels  of  excess  flow.  The  plan  has  not  been  actively  pursued 
for  several  years  and  would  need  to  be  revised  to  reflect  current  develop- 
ment. King  County  has  almost  exclusive  jurisdiction  over  development  and 
could  effect  a plan  to  preserve  the  remaining  natural  channels  and  upland 
holding  pond  sites.  With  nearly  65%  residential  development  already,  there 
is  little  time  remaining  to  develop  effective  controls. 

Staff  members  from  the  King  County  Department  of  Public  Works, 
Hydraulics  Division,  were  available  for  consultation  during  preparation  of 
the  two  alternatives  for  the  Juanita  Creek  Sub-Basin. 

DRAINAGE  PROBLEMS 


This  sub-basin  is  typical  of  many  urbanizing  areas  where  runoff  is 
carried  by  natural  watercourses.  Increasing  runoff  rates  have  caused  flood- 
ing and  erosion  problems  through  much  of  the  lower  areas,  especially  along 
Juanita  Creek  which  conveys  all  runoff  leaving  the  sub-basin.  Many  culverts 
are  no  longer  adequate  to  carry  peak  flows  and  stream  channels  are  badly 
eroded  in  several  places.  Debris  accumulations  and  sediment  deposition  in 
the  streams  cause  maintenance  problems  and  increase  flood  hazards.  Also, 
sedimentation  can  adversely  affect  the  fisheries  resource  of  Juanita  Creek. 

As  the  sub-basin  develops,  these  problems  will  increase  unless  effec- 
tive drainage  planning  is  undertaken.  Though  the  sub-basin  is  substantially 
developed,  there  are  still  relatively  large,  undisturbed  wetland  areas  that 
greatly  reduce  peak  runoff  rates.  Much  of  the  remaining  wetlands  are  along 
the  southern  tributary  of  Juanita  Creek  that  drains  the  Totem  Lake  Shopping 
Center.  If  this  area  and  other  similar  areas  continue  to  develop  as  they 
have  in  the  past,  runoff  rates  will  Increase  inordinately. 

The  results  of  hydrologic  analysis  indicate  no  significant  difference 
between  the  comprehensive  and  corridor  land  use  plans.  Therefore,  the 
drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

As  seen  from  the  previous  table  on  projected  land  uses  under  the  year 
2000  Comprehensive  and  Corridor  Plans,  only  a 5%  increase  in  imprevious  area 
above  the  existing  30%  total  impervious  coverage,  is  foreseen  for  the  Juanita 
Creek  Sub-Basin.  A primary  purpose  In  developing  alternatives  for  this  sub- 
basin  will  be  to  solve  problems  that  have  been  created  by  the  existing  urban- 
ization. 
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ALTERJJATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  Juanita  Creek  Sub-Basin,  as 
described  by  local  agencies  was  evaluated  by  computer  simulation  applied 
to  the  regions  10-year  storm  to  P.S.G.C.  year  2000  land  use.  Drainage 
problems  thus  identified  were  analyzed  and  possible  solutions  were  provided 
for  development  of  alternative  plans  for  drainage  control  as  described 
below. 

ALTERNATIVE  PLAN  I 


General  Concept 

This  alternative  relies  upon  conventional  methods  of  storm  drainage 
to  reduce  flooding  and  erosion  problems.  Development  would  be  allowed  to 
continue  as  it  has  in  the  past  and  downstream  facilities  would  be  enlarged 
to  carry  the  increased  runoff  rates.  The  creek  itself  would  be  modified 
considerably. 

Major  Features 

The  major  element  of  the  drainage  system  would  continue  to  be 
Juanita  Creek.  All  surface  water  would  continue  to  drain  to  the  creek.  En- 
largement of  individual  storm  drains  and  culverts  throughout  the  sub-basin 
would  be  required.  As  a result,  flows  in  the  natural  open  channels  would 
increase  sufficiently  to  necessitate  major  channel  construction.  Several 
sections  of  Juanita  Creek  would  need  to  be  enlarged  and  most  of  the  open 
channels  would  require  bank  protection  to  minimize  erosion > Even  though  the 
costs  of  such  a plan  are  relatively  high,  flooding  would  not  be  eliminated 
along  the  open  channels.  It  is  not  possible  to  design  an  econwical  system 
to  carry  maximum  event  flows.  The  channel  and  conduit  capacities  sized  in 
the  alternative  would  be  exceeded  on  some  occasions.  Consequently,  it  is 
important  that  another  element  be  included  in  this  alternative,  floodplain 
zoning.  Along  the  floodplain  of  lower  Juanita  Creek,  and  in  all  areas  of 
known  flooding.  Incompatible  structures  and  fill  would  not  be  allowed. 

There  are  few  existing  homes  within  the  floodplain  and  those  that  are  could 
be  afforded  some  considerations  during  the  channel -enlargement  and  bank- 
protection  construction. 

Costs 

The  cost  of  this  alternative  is  estimated  to  be  $1,900,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

This  alternative  makes  use  of  recent  Innovations  In  drainage  planning. 
Including  runoff  control.  The  emphasis  of  the  alternative  Is  upon  preserva- 
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tion  of  the  natural  watercourse  and  adjacent  wetlands  with  as  little  dis- 
turbance as  possible. 

Major  Features 

The  most  important  aspect  of  this  alternative  is  runoff  control. 

King  County  has  recently  developed  guidelines  for  areas  such  as  Juanita 
Creek  which  require  major  developments  to  control  peak  runoff  leaving  their 
property  to  existing  levels  or  values  not  greater  than  25%  above  existing 
levels.  Using  the  King  County  runoff  limitation  as  a basis,  runoff  rates 
were  developed  that  are  slightly  above  present  rates  but  not  as  high  as  the 
future  rates  as  indicated  in  Alternative  Plan  I.  This  on-site  runoff  con- 
trol alone  is  not  sufficient  to  solve  the  sub-basin's  future  drainage  prob- 
lems because  some  problems  exist  now,  and  the  installation  of  improved 
storm-drainage  systems  will  further  increase  downstream  flow,  even  if  run- 
off rates  from  major  developments  are  controlled.  Therefore,  this  alterna- 
tive includes  the  installation  of  several  holding  ponds  in  the  sub-basin 
and  the  enlargement  of  several  culverts  and  channel  sections  that  are  in- 
adequate, even  with  upstream  control. 

Not  all  the  holding  ponds  planned  would  be  perennial  bodies  of  water. 
Only  Lake  Whittenmeyer,  the  pond  at  N.E.  133rd  Place  and  105th  Avenue  N.  E., 
and  the  stream  identified  as  Element  36  would  have  significant  water  im- 
pounded year-round.  The  remaining  ponds  would  be  so-called  "blue-green" 
areas,  or  open  space  that  is  capable  of  filling  with  water  during  periods  of 
high  rainfall.  All  of  these  areas  are  now  marshes  or  wetlands  that  are  not 
easily  built  upon. 

Also,  as  in  Alternative  Plan  I,  flood-plain  zoning  is  included 
along  the  section  of  the  stream  where  an  existing  flood  plain  is  sub- 
stantially wider  than  the  main  channel.  This  type  of  drainage  planning 
is  quite  important  in  any  area  where  urban  development  is  in  close 
proximity  to  open  watercourses.  Even  if  the  main  channel  is  improved  to 
carry  increased  flows,  it  would  not  have  the  capacity  to  accommodate 
flows  from  maximum  rainfall  events. 

Cost 


The  cost  of  this  alternative  is  estimated  to  be  $1,800,000. 

PEAK  FLOW  COMPARISONS 

The  following  table  indicates  flows  with  existing  land  use  and  faci- 
lities as  well  as  with  Alternative  Plans  I and  II  with  projected  year  2000 
land  use. 
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COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Location 

Existing 
Faci lities 

Alternative 
Plan  I 

Altemati  ve 
Plan  II 

Juanita  Bay 

310 

980 

570 

109th  N.E. 

180 

370 

50 

Moulton  Park 

240 

330 

200 

ENVIRONMENTAL  ASSESSMENTS  OF  ALTERNATIVE  PLANS 


As  part  of  the  process  of  developing  system  proposals  for  the 
various  regional  basins  in  the  RIBCO  Study,  field  inspections  were  made 
of  the  suggested  alternatives  for  each  sub-basin.  The  inspections  were 
made  based  upon  the  alternative  evaluation  procedure  which  identified 
34  unique  criteria  under  the  general  categories  of  1)  Effectiveness, 

?)  Human  Values,  3)  Environmental  Factors,  4)  Implementation,  and  5) 
Resource  Requirements.  The  various  structural  solutions  were  checked 
against  the  appropriate  evaluation  matrix  criteria  and  the  various  non- 
structural  solutions  were  reviewed  for  their  relationship  to  existing 
and  probable  future  planned  development.  The  matrix-rating  total  for 
Alternative  Plan  I,  which  employs  channelization  and  streambank  pro- 
tection througnout  much  of  the  basin,  was  a minus  2 on  a scale  ranging 
from  a possible  positive  108  to  negative  108.  The  matrix-rating  total 
for  Alternative  Plan  II,  which  employs  storage,  flood-plain  zoning, 
runoff  control  and  some  streambank  protection  in  the  lower  reaches,  was 
a plus  50. 

Alternative  Plan  I is  judged  to  be  marginally  effective  in 
controlling  drainage  problems  in  this  developing  basin.  Alternative  Plan 
II  provides  a more  positive  method  of  controlling  storm  runoff  and  re- 
ceived a positive  score  for  effectiveness.  Both  alternatives  are 
generally  supportive  of  human  values  but  have  greatly  divergent  environ- 
p*  mental  impact,  with  Alternative  Plan  II  offering  the  most  protection  for 

the  natural  stream  course,  fisheries  potential  and  water  quality  control. 
Both  alternatives  are  judged  to  be  equally  difficult  to  implement  and 
both  require  generally  the  same  level  of  resource  commitment. 

The  critical  element  in  both  solutions  is  the  necessity  to  provide 
streambank  protection  in  the  lower  reaches  of  Juanita  Creek.  This 
results  from  the  expected  high  level  of  urbanization  within  the  sub-basin 
and  even  under  Alternative  Plan  II,  which  incorporates  runoff  controls, 
channel  protection  is  necessary  in  the  lower  reaches  to  reduce  or  elimi- 
nate erosion. 
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Alternative  Plan  II  relies  upon  flood-plain  zoning  and  runoff 
control  for  future  land  development.  This  element,  if  it  is  to  be 
part  of  the  chosen  alternative,  should  be  implemented  as  an  early 
action  as  any  future  portion  of  the  sub-basin  that  develops  without 
these  controls  will  result  in  need  for  a more  structural  solution  than 
Alternative  Plan  II  can  acconnodate. 

CONCLUSIONS 

There  still  is  an  opportunity  to  preserve  Juanita  Creek  and  its 
tributaries  in  their  natural  condition.  To  do  so  requires  the  preser- 
vation of  the  remaining  wetlands  as  well  as  an  adherence  to  strict 
runoff  controls  from  all  remaining  future  development  in  the  sub-basin. 
The  prospect  of  saving  this  stream  in  its  present  condition  is  contin- 
gent upon  immediate  agreement  to  develop  a master  plan  for  drainage 
management  within  the  sub-basin.  Because  King  County  controls  95%  of 
this  sub-basin,  they  should  proceed  to  develop,  in  detail,  the  concepts 
incorporated  in  Alternative  Plan  II  if  such  concepts  are  found  to  be 
supported  by  the  general  public  within  this  sub-basin. 
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RUNOFF  QUALITY  SUMMARY 
JUANITA  CREEK 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 
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fXlSTlNO  fACll-lTiFS 


PHOP^>SFD  FACILITIES 


UtMl  NT 
NL'MBL  R 


Pipe  diameter}  channel  ma* 

ORCMANNtij  SlUt  SIOPES  ,l)EP1n.,f 

TYPE  [BOTTOM  WIDTH  LENGTH  . CMANNk  »vPE 


' MAM  D 

'AP  ?Ai  COST 


Channel 

20'  width 
4 ' depth 
1 ' side  ilnpti 
wUn  bank  protection 

J3S.0O0 

Channel 

20  width 
4'  depth 
1 . i side  slopes 
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Channel 

IS  width 
6'  depth 
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"ilh  bank  urotecliun 

$79,000 

Replace- 

ment 
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20'  » 8' 

$29,000 

Replace- 
ment 
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20'  X 5' 

”*^$23,000 

1 

Replace- 
ment 
Cul vert 

20'  X 5' 

$23,000 
_4 

Parallel 

Pipe 

24" 

i $46,000 

Parallel 

21" 

i $51 ,000 

Parallel  18- 
Pipe 


Channel  Streambank  protection  $30,000 


Channel  Streambank  protection  $30,000 


Channel  ! Streambank  protection  $144,000 


Channel  Streambank  protection  $52,000 


Channel  I Streambank  protection  $156,000 


Channel  | Streambank  protection  $61,000 


Channel  Streambank  protection  $194,000 


6*  Channel  Streambank  protection  $194,000 
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None 

62 

None 

, B«n,  Juanita  Creek 


PROPOSED  FACILITIES 


MAX 

DEPTH  OP 

CHANNEL  type 


ESTIMATED 
CAPITAL  COST 


Channel  Streambank  protection  $65,000 


3:1  5,4'  I Channel  Streambank  protection  $167,000 


Channel  Streambank  protection  $272,000 


Channel 

i 

Streambank  protection 

n 

$100,000 

Parallel 

Culvert 

42" 

$2,000 

Parallel 

Culvert 

42" 

$2,000 

Parallel 

Culvert 

Two-30" 

1 

$3,000 

Paral lei 
Cul vert 

1 

15"  i 

1 1 

$1,000 

Paral lei 
Culvert 

36" 

$3,000 

Paral lei 
Culvert 

1 ' 

42"  ! 

1 

$4,000 

Parallel 

Culvert 

42" 

$3,000 

42" 

$3,000 

For  42" 

$7,000 

For  42" 

$7,000 

For  two-30" 

$10,000 

For  15"  ^ 

$2,000 

For  36" 

$6,000 
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The  Eitimated  Capital  Con  for  each  element  includes  Contractor  profit, 
engineering,  legel  er>d  contingencies  In  eddition,  lend  purchase  and 
severaiKe  costs  are  included  ^here  larxl  is  required  All  costs  are  based 


Total  Estm^ated  Capital  Cost 
Round  To 


$1 .912,000 
$1,900,000 


upon  June  1973  prices 
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Parallel  42" 
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Parallel  36" 
Culvert 
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ment 

Culvert 


Replace-  12  x 5 

ment 
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Holding  1 AF  in  existing  pond 
Pond 


ESTIMATED 
CAPITAL  COST 


Channel  1^  . . $44,000 

4 deptfi  with  bank 
protection 
1 : 1 side  slopes 

Channel  Streambank  protection  $79,000 


6'  Channel  Streambank  protection  $30,000 


Channel  Streambank  protection  $52,000 


Channel  Streambank  protection  $61 ,000 


Channel  I Streambank  protection  $194,000 


I 


$20,000 


$21 .000 


Holding  1 AF  In  existing  pond  $21,000 


Holding 

Pond 

1 * AF  along  highway 
embankment 

$21,000 

Holding 

.6  AF  In  wetlands 

$37,000 

Pond 

Holding 

20  AF  In  Lake  Whitten- 

$351 ,000 

Pond 

meyer 
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EXISTING  FACILITIES 

PROPOSED  facilities 

element 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHorii  Vert  1 

MAX 

depth  of 
CHANNEL 

1 

TYPE 

— 

ESTIMATED 
CAPITAL  COST 

10 

None 

Ho1 ding 
Pond 

41  AF  in  wetland  up- 
streaih  from  high  school 

S 706.000 

Inlet/ 

Outlet 

For  42" 

$7,000 

- 1 

Inlet/ 

Outlet 

for  36" 

$6,000 

1 



The  Estimated  Capital  Cost  for  each  element  includes  Contractor  profit, 
engineering,  legal  and  contingencies  In  addition,  larnj  purchase  and 
severarKe  costs  are  ir>cluded  where  land  is  required  All  costs  are  leased 
upon  June  1973  prices 


Total  Estimated  Capital  Cost  $1 ,755 ,000 
Round  To  SI ,800,000 
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REGIONAL  SUB-BASIN  C-11 


LYON  CREEK 


GENERAL  DESCRIPTION 


The  Lyon  Creek  Sub-Basin  is  located  in  the  northwestern  portion  of 
the  Cedar  River  Basin,  within  both  King  and  Snohomish  counties,  and  drains 
to  the  north  end  of  Lake  Washington.  Lyon  Creek,  the  only  major  water- 
course in  the  sub-basin,  has  its  headwaters  at  approximately  400  feet  above 
mean  sea  level  within  Mountlake  Terrace  and  Brier.  The  creek  flavs  through 
portions  of  King  County  and  Lake  Forest  Park  before  entering  Lake  Washington. 
The  main  channel  is  approximately  3.8  miles  long.  Approximately  20%  of  the 
sub-basin  is  within  the  Lake  Forest  Park  corporate  limits,  30%  is  within 
Mountlake  Terrace,  20%  within  Brier,  25%  in  unincorporated  portions  of  King 
County  and  5%  in  Snohomish  County. 

Principal  Streams  Category  Drainage  Area  Discharge 

Lyon  Creek  III  3.8  sq.  mi.  Lake  Washington 

Present  land  use  consists  primarily  of  single-family  residential 
development  with  some  undeveloped  land,  mainly  along  Lyon  Creek.  Future 
development  probably  will  occur  in  much  the  same  manner  as  present  develop- 
ment; i.e.,  most  land  area  will  continue  to  be  used  for  single-family  resi- 
dential purposes  and  limited  commercial  development. 

The  table  below  shows  the  percentages  of  land  uses  by  type  for  the 
Lyon  Creek  Sub-Basin  during  1970-72  and  projected  for  the  year  2000  Corridor 
Plan  and  Comprehensive  Plan  by  the  Puget  Sound  Governmental  Conference. 

PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Use 

(1970-72) 

Comp rehens i ve 

Corri  dor 

Single  Family 

45 

68 

61 

Milt ip le  Family 

5 

9 

Connie  rc  i a 1 /Se  rvi  ce  s 

3 

5 

8 

Govt,  and  Educ. 

7 

7 

7 

Industrial 

Parks/Dedicated  Open  Space 

8 

5 

12 
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Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Use 

(1970-72) 

Comp rehens  i ve 

Corri dor 

Agriculture 

8 

Airports,  Railyards, 
Freeways,  Highways 

2 

2 

2 

Unused  Land 

35 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

30 

35 

35 

NATURE  OF  EXISTING  DRAINAGE 

SYSTEM 

The  main  feature  of  the  existing  drainage  system  is  Lyon  Creek.  As 
the  sub-basin  has  developed,  conventional  storm  drainage  systems  have  been 
installed  in  the  municipalities  and  county  areas  along  the  creek;  all  of 
these  systems  drain  directly  to  Lyon  Creek.  The  increased  runoff  rates 
brought  about  by  increases  in  impervious  area  and  the  installation  of  storm 
drainage  systems  have  affected  the  creek  significantly.  Some  culverts  under 
roadways  are  not  adequate  to  carry  existing  flows  without  ponding,  and  ero- 
sion and  sedimentation  are  evident  in  several  locations  along  the  main  creek 
channel.  Nevertheless,  the  creek  is  still  a pleasant  urban  amenity  in  most 
locations.  It  forms  an  integral  part  of  Terrace  Creek  Park  in  Mountlake 
Terrace.  Several  sections  have  been  used  to  enhance  yard  landscaping  by 
private  property  owners,  and  despite  the  substantial  development  in  the  sub- 
basin as  a whole,  the  creek  channel  itself  has  not  been  severely  encroached 
upon  by  landfilling  or  structures.  In  some  places,  such  as  along  the  upper 
east  tributary  in  Mountlake  Terrace,  somewhat  natural  swamps  and  wetlands 
still  exist  and  function  to  reduce  runoff  rates  to  downstream  portions  of 
the  creek. 

DRAINAGE  PROBLEMS 

Several  minor  drainage  problems  exist  at  locations  throughout  the 
sub-basin  where  storm  drainage  systems  are  inadequate.  However,  most  of 
the  major  drainage  problems  in  the  basin  are  along  lower  Lyon  Creek  within 
Lake  Forest  Park.  In  these  sections,  the  effects  of  upstream  increases  in 
^ runoff  are  most  noticeable.  The  Lake  Forest  Park  City  staff  has  observed 

ponding  at  several  roadway  culverts,  and  erosion,  sedimentation  and  debris 
accumulation  in  the  lower  reaches  of  the  creek  channel.  Also,  a significant 
sediment  deposition  has  developed  at  the  lakeshore  as  a result  of  upstream 
erosion. 

Both  the  2000  Comprehensive  and  Corridor  land  use  plans  indicate  a 
general  urbanization  of  Lyon  Creek  with  a large  percentage  of  single-family 
residential  development.  These  increases  in  impervious  areas  and  higher 


C-11-2 


runoff  will  definitely  increase  the  severity  of  existing  problems  along 
Lyon  Creek.  The  effects  of  stream-side  land  use  modifications  will  be 
especially  significant.  If  the  remaining  wetlands  are  replaced  with  imper- 
vious surfaces,  the  effects  on  lower  Lyon  Creek  will  be  substantial.  Cer- 
tain lower  sections  of  the  creek  have  already  been  rip-rapped,  but  erosion 
and  flooding  will  become  worse  as  the  sub-basin  develops  further,  unless 
drainage  improvements  are  implemented. 

The  results  of  hydrologic  analysis  indicate  no  significant  difference 
between  the  comprehensive  and  corridor  land  use  plans.  Therefore,  the 
drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

The  only  existing  drainage  plan  in  the  sub-basin  is  one  prepared  by 
the  City  of  Mountlake  Terrace.  The  emphasis  of  this  plan  is  upon  channeli- 
zation and  green-belt  development  of  upper  Lyon  Creek,  and  replacement  of 
undersized  storm  drainage  facilities  to  decrease  the  frequency  of  ponding. 
Full  implementation  of  this  plan,  without  provision  for  runoff  control, 
will  result  in  significantly  higher  runoff  rates  along  lower  Lyon  Creek 
thereby  compounding  existing  problems. 

The  initial  alternative  plans  for  the  Lyon  Creek  Sub-Basin  wer^ 
developed  after  consultation  with  staff  members  from  the  King  County  Public 
Works  Department,  Hydraulic  Division,  the  Mountlake  Terrace  City  Engineering 
Department,  and  Snohomish  County  Public  Works  Department. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  Lyon  Creek  Sub-Basin,  as  described 
by  local  agencies  was  evaluated  by  computer  simulation  that  supplied  the 
region's  10-year  storm  to  the  year  2000  land  use.  Drainage  problems  thus 
identified  were  analyzed  and  possible  solutions  were  provided  in  development 
of  alternative  plans  for  drainage  control  as  described  below. 

Three  major  alternative  plans  were  studied  for  solving  Lyon  Cr  ek 
drainage  problems,  the  first  using  culvert  enlargement  and  stream-bank  pro- 
tection and  the  second  and  third  being  combinations  of  the  above  plus  run- 
off control  features.  Their  description  follows: 

ALTERNATIVE  PLAN  I 


General  Concept 

The  general  concept  of  Alternative  Plan  I is  to  increase  the  capacity 
of  the  drainage  system  by  enlarging  culverts,  installing  parallel  culverts 
and  protecting  the  streambanks  with  rip-rap.  This  alternative  would  relieve 
all  existing  flow  constraints,  thereby  increasing  peak  runoff.  Control  of 
from  future  development  would  not  be  required. 
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Major  Features 

The  major  features  of  this  alternative  are  culvert  enlargement 
and  streambank  protection  along  Lyon  Creek  and  its  tributaries.  In 
most  cases,  culvert  capacity  was  enlarged  by  the  addition  of  culverts 
parallel  to  the  existing  system;  however,  in  some  locations  existing 
facilities  were  replaced  with  new  culverts. 

A majority  of  the  culvert  replacement  and  additions  will  take 
place  in  the  lower  reaches  of  the  Lyon  Creek  Sub-Basin  near  Lake  Forest 
Park.  The  streambank  protection  will  be  required  throughout  the  entire 
sub-basin . 

Cost 


The  total  of  major  stream  improvements  is  estimated  at  $400,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

Alternative  Plan  II  would  make  use  of  upstream  holding  ponds  to 
reduce  runoff  rates  throughout  the  sub-basin.  The  existing  conduits 
and  watercourses  will  continue  to  be  used  for  drainage  with  little  or 
no  modification.  This  alternative  is  not  dependent  upon  runoff  control 
legislation  in  the  future. 

Major  Features 

Alternative  Plan  II  provides  for  use  of  four  holding  ponds  on 
the  upper  reaches  of  the  Lyon  Creek  drainage  system  and  a diversion  of 
flow  in  lower  Lyon  Creek.  The  holding  ponds  are  designed  to  reduce 
runoff  throughout  the  sub-basin  and  the  diversion  is  designed  to  carry 
the  increased  stream  volume  on  the  lower  creek  without  disrupting  the 
existing  natural  stream  configuration. 

Recreational  uses  of  public  open  space,  among  other  alternative 
land  uses,  would  be  compatible  with  this  system  as  would  be  the  exist- 
ing use  of  the  creek  in  residential  landscapes. 

The  holding  ponds  would  provide  a total  of  5.4  acre  feet  of 
storage.  The  facilities  would  control  discharge  to  a lower  rate  than 
would  be  experienced  from  the  stream  in  an  unimpeded  condition  during 
major  storms,  and  would  hold  water  for  release  at  a later  time.  The 
holding  ponds  also  provide  limited  groundwater  recharge. 

Cost 

The  total  estimated  capital  cost  for  this  alternative  is  $600,000. 
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ALTERNATIVE  PLAN  III 


General  Concept 

Alternative  Plan  III  requires  on-site  runoff  controls  for  all 
future  development.  The  open  watercourse  of  the  sub-basin  would  be 
preserved  and  enhanced  by  controlling  flows  along  the  stream  in  accord 
with  the  runoff  controls. 

Major  Features 

Alternative  Plan  III  would  provide  the  same  structures  as  Alter- 
native Plan  II  except  that  the  diversion  of  lower  Lyon  Creek  would  re- 
quire a much  smaller  installation  because  of  the  reduced  runoff.  The 
four  holding  ponds  in  the  upper  sub-basin  would  require  the  same  instal- 
lation as  in  Alternative  Plan  II. 

This  alternative  is  very  compatible  with  recreational  or  public 
use  of  open  space  as  well  as  other  alternative  land  uses  and  does  not 
influence  the  creek's  use  as  a residential  landscape  feature. 

As  in  Alternative  Plan  II,  the  holding  pond  facilities  would 
control  discharge  to  a lower  rate  than  would  be  experienced  from  the 
stream  in  an  unimpeded  condition  during  major  storms,  and  hold  water  for 
release  at  a later  time.  The  holding  ponds  also  provide  limited  ground- 
water  recharge. 

Cost 


The  total  estimated  capital  cost  for  this  alternative  is  $400,000. 
PEAK  FLOW  C0W>ARIS0NS 

The  following  table  indicates  10-year  peak  flows  with  existing  faci- 
lities and  land  use  and  with  alternative  drainage  management  solutions  for 
the  year  2000. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Locati on 

Existing 

Facilities 

Alternative 
Plan  I 

Alternative 
Plan  II 

Alternative 
Plan  III 

Lake  Washington 

370 

580 

200 

200 

Ballinger  Way 

230 

400 

170 

170 

Cedar  Way 

140 

150 

70 

40 
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ENVIRONMENTAL  ASSESSMENTS  OF  ALTERNATIVE  PLANS 

As  part  of  the  process  of  developing  system  proposals  for  the 
various  regional  basins  in  the  RIBCO  Study,  field  inspections  were 
made  to  determine  the  compatibility  of  suggested  alternatives  for  each 
sub-basin.  The  inspections  were  based  upon  the  alternative-evaluation 
procedure  which  identified  34  unique  criteria  under  the  general  cate- 
gories of  1)  Effectiveness,  2)  Human  Values,  3)  Environmental  Factors, 
4)  Implementation,  and  5)  Resource  Requirements . The  various  structural 
solutions  were  checked  against  the  appropriate  evaluation -matrix 
criteria  and  the  various  non -structural  solutions  were  reviewed  for  the 
their  relationship  to  existing  and  probable  future  developments.  The 
matrix  rating  for  Alternative  Plan  I,  which  employs  increased  stream 
capacity  together  with  streambank  protection,  was  a minus  36  on  a 
scale  ranging  from  a positive  108  to  negative  108.  The  evaluation 
rating  total  for  Alternative  Plan  II,  which  employs  holding  ponds, 
lower  creek  diversion  and  no  runoff  control,  was  a plus  8 and  the  rat- 
ing total  for  Alternative  Plan  III,  which  employs  holding  ponds  and 
diversion  of  the  lower  creek  together  with  on-site  runoff  control  for 
all  future  development,  was  a plus  11. 

All  three  systems  were  judged  to  be  effective  for  controlling 
drainage  and  each  system  requires  certain  sacrifices  of  human  values 
because  of  construction.  Environmentally,  Alternative  Plans  II  and  III 
clearly  offer  more  preservation  potential  than  Alternative  Plan  I which 
required  rip-rap  protection  along  a great  percentage  of  the  stream 
length  including  extensive  work  in  residential  areas.  None  of  the  al- 
ternatives are  currently  planned  by  any  of  the  concerned  governing 
agencies  and  extensive  inter-agency  action  will  be  necessary  before  any 
of  the  alternatives  can  be  implemented.  All  of  the  alternatives  in- 
volve commitments  of  natural  resources  as  they  rely  upon  certain  struc- 
tural elements  for  all  or  part  of  the  solution;  however.  Alternative 
Plans  II  and  III  have  a slight  advantage  in  this  area. 

CONCLUSIONS 

Because  of  the  residential  and  relatively  natural  nature  of 
this  basin.  Alternative  Plans  II  and  III  are  clearly  superior  to  Al- 
ternative Plan  1.  Because  of  the  high  cost  of  Alternative  Plan  II,  it 
appears  that  Alternative  Plan  III  is  the  most  feasible;  however,  it 
does  require  immediate  action  to  assure  on-site  runoff  control  for  all 
future  development. 

All  five  agencies:  Mountlake  Terrace,  Brier,  Lake  Forest  Park, 
Snohomish  County  and  King  County  should  work  towards  agreement  for 
development  of  a master  plan  that  incorporates  the  provision  of  Alter- 
native Plan  III  and  all  five  within  their  own  jurisdictions  should 
immediately  move  toward  implementing  and  enforcing  runoff  controls. 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Alternative  ! Sub  Basin  Lyofl  Creek 


EXISTING  FACILITIES 

PROPOSED  FACILITIES 

ELfcMENT 
NUMBE  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hofiz  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

4 

Cu1 vert 

L_ 

72" 

40' 

Parallel 

Culvert 

48" 

$4,000 

9 

Cul vert 

3.6’ 

300' 

0 

3' 

Replace- 

ment 

Culvert 

72" 

$45,000 

43 

Culvert 

72“ 

45' 

Parallel 

Culvert 

60" 

$5,000 

15 

Culvert 

48" 

60' 

Parallel 

Culvert 

60" 

$7,000 

47 

Cul vert 

48" 

60' 

Parallel 

Culvert 

36" 

$4,000 

62 

Culvert 

36" 

100' 

Parallel 

Culvert 

24" 

$4,000 

39 

Culvert 

3' 

100’ 

0 

2' 

Parallel 

Culvert 

30" 

$5,000 

I 

57 

Culvert 

3.5' 

80' 

0 

2.5' 

Replace- 

ment 

Culvert 

4'  X 3' 

$11,000 

8 

Channel 

10' 

300' 

4:1 

3' 

Channel 

18'  width 
3'  depth 

300'  streambank  protect 
4:1  side  slopes 

$9,000 

3 

Channel 

700'  streambank 
protection 

$18,000 

5 

Channel 

800'  streambank 
protection 

$21 ,000 

7 

Channel 

1000'  streambank 
protection 

$26,000 



10 

Channel 

600'  streambank 
protection 

$15,000 

24 

Channel 

400'  streambank 
protection 

$11,000 

' f 

1 \ 

1 r 

26 

Channel 

700'  streambank 
protection 

$18,000 

14 

Channel 

1000'  streambank 
protection 



$26,000 

16 


Channel 


1000’  streambank 
protection 


$26,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 

I Lyon  Creek 


EXISTING  FACILITIES 


ELEMENT 

NUMBER 


59 

Channel 

53 

Channel 

Thr  f sltfTwtMl  Capital  Cost  tof  element  inckKln  Coniraclor  profit, 
memeermq.  leQal  and  r.ontin^ori«  Jn  add>tM>r),  larwj  purchase  arnf 
wvetarve  c rnlt  are  irKluded  w^««*e  larwj  is  required  AM  costs  are  baser! 
iiprm  Jurw  19/3  prices 


Sub  Bau,.  Lyon  Creek 


PROPOSED  EACILITIES 


600'  streambank 
protection 


900'  streambank 
protection 


200'  streambank 
protection 


500'  streambank 
protection 


WOO'  streambank 
protection 


Inlet/  I For  48" 


$15,000 


$23,000 


$13,000 


i $26,000 


! $8,000 


$10,000 


$10,000 


Total  [ snmatnt  Capital  Cost  $416,000 
RouodTo  $400,000 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Alternative  II Sub  Basin  Lyon  Cr66k 


EXISTING  FACILITIES 

PROPOSED  FACILITIES 

ELtMENT 
NUMBE  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHoriz.  Vert ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

22 

None 

Holding 

Pond 

2.8  AF 

$15,000 

55 

None 

1 

Holding 

Pond 

1.0  AF 

$30,000 

40 

None 

Holding 

Pond 

1.1  AF 

$30,000 

26 

None 

Holding 

Pond 

0.5  AF 

$22,000 

70 

None 

L 

Diversion 

Pipe 

42" 

6,800' 



J 

The  Eslimaierl  Capital  Cost  for  each  element  irnrlurles  Contractor  profit.  Total  Estimated  Capital  Cost 

engineering  legal  and  contingencies  In  addition,  land  purchase  and  ^ ^ 

severance  costs  are  inciudeit  where  larxt  is  rer^uired  All  costs  are  based 
upirn  Jurw*  1973  prir  es 


$632,000 

$600,000 


: i 

I 

r 

] f 

‘ A 
• A 

\ 
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RI0CO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 

e LLi Sub  Basin  Lvon  Creek 


EXISTING  FACILITIES 


PROPOSED  FACILITIES 


CHANNEL 

MAX 

length 

SIDE  SLOPES 
(Horn  Vert  ) 

depth  OF 
CHANNEL 

ESTIMATED 
CAPITAL  COST 


The  Estimated  Capita'  Cost  for  each  element  includes  Contractor  profit. 
er>gineerirH).  ie^al  and  contingencies  In  addition,  land  purchase  and 
severance  costs  are  included  where  larxl  >s  required  All  costs  are  based 
upon  Jurw  1973  prices 


Total  Estimated  Capital  Cost  $383*000 
Round  To  $400*000 
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REGIONAL  SUB-BASIN  C-12 


McALEER  CREEK 


GENERAL  DESCRIPTION 
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McAleer  Creek  is  northwest  of  Lake  Washington  in  the  Cedar  River 
Basin.  The  sub-basin's  northern  boundary  is  Lynnwood,  The  eastern 
boundary  is  approximately  at  the  center  of  Mountlake  Terrace.  The  west- 
ern boundary  is  in  Edmonds  and  the  sub-basin  drains  through  Lake  Forest 
Park  before  it  enters  Lake  Washington. 

The  topography  of  the  sub-basin  is  moderately  sloping  uplands 
draining  to  a narrow  valley.  The  headwaters  of  the  sub-basin  is  Hall 
Lake  at  elevation  330  feet.  The  stream  outlet  elevation  is  15  feet  at 
Lake  Washington. 

The  principle  streams  are  Hall  Cre'  > ;roximately  two  miles 
long,  which  drains  Hall  Lake  into  Lake  Bal  and  McAleer  Creek, 

approximately  three  and  one-half  miles  long,  ^..jt  drains  Lake  Ballinger 
into  Lake  Washington.  Chase  Lake  and  Echo  Lake  are  other  lakes  of  sig- 
nificance in  the  sub-basin. 


Stream  Category 

Hall  Creek  III 

McAleer  Creek  III 


Drainage  Area 
3.6  sq.  mi . 
8.0  sq.  mi . 


Discharge 
Lake  Ballinger 
Lake  Washington 


The  sub-basin  is  highly  developed  at  this  time.  The  major  land- 
use  activity  is  single-family  residential.  At  present,  McAleer  Creek 
except  at  its  mouth  is  not  significantly  encroached  upon  because  it  is 
in  the  bottom  of  a steep  gully  that  prevents  building  immediately  adja- 
cent to  the  creek.  The  area  north  and  east  of  Lake  Ballinger  is  used 
for  a park  and  a golf  course.  Lake  Ballinger  is  a water  recreation 
center  for  abutting  residences  and  the  general  public  via  the  public- 
park  area. 

The  table  below  shows  the  percentage  of  land  use  by  types  for 
the  McAleer  Creek  Sub-Basin  as  of  1970-72  and  those  projected  for  the 
year  2000  in  the  Corridor  and  Comprehensive  plans  proposed  by  the  Puget 
Sound  Governmental  Conference.  It  should  be  noted  that  the  increased 
use  for  residential  purposes  will  come  to  presently  unused  lands. 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 

P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

72 

57 

51 

Multiple  Family 

10 

15 

Commerc 1 a 1 / Serv 1 ces 

5 

8 

8 

Govt,  and  Educ. 

1 

3 

2 

Industrial 

5 

7 

Parks/Dedicated  Open  Space  10 

15 

15 

Agriculture 

Airports,  Rail yards. 
Freeways,  Highways 

1 

1 

1 

Unused  Land 

10 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

30 

40 

40 

Future  development  trends  consist  of  utilizing  the  remaining 
vacant  land  for  residential  and  park  activity  and  conversion  of  existing 
single-family  residential  land  to  higher  density  residential,  commercial 
and  industrial  uses. 

Agencies  within  McAleer  Creek  Sub-Basin  that  have  drainage 
responsibility  are,  by  approximate  area  within  the  sub-basin,  Hountlake 
Terrace  25%,  King  County  25%,  Edmonds  23%,  Lynnwood  22%,  Snohomish 
County  3%,  and  Lake  Forest  Park  2%. 

McAleer  Creek  was  studied  by  the  WASH-USE -1  program  of  Snohomish 
County,  so  attention  was  focused  upon  It  by  the  jurisdictions  Involved. 

I 

1 The  City  of  Mountlake  Terrace  has  taken  an  especially  active 

' Interest  In  Lake  Ballinger  as  It  Intends  to  use  the  area  to  the  north  as 

1 a city  park.  The  City  of  Edmonds  also  has  taken  an  active  Interest  In 

correcting  Lake  Ballinger's  problems.  Citizen  concern  for  Lake  Ballinger 
I has  been  voiced  by  the  Lake  Ballinger  Community  Club. 


I 
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NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

The  existing  Hall  Creek  stream  system  has  been  channelized 
somewhat  and  plans  exist  ^or  additional  modifications.  McAleer  Creek 
basically  is  in  a natural  condition.  Lake  Ballinger  is  controlled  to 
an  adjudicated  level  of  278  feet. 

The  cities  of  Lynnwood,  Edmonds  and  Mountlake  Terrace  have 
constructed  a number  of  storm-drainage  facilities  that  lead  to  Hall 
Creek,  Lake  Ballinger,  and  McAleer  Creek.  King  County  also  has  storm 
drained  the  Echo  Lake  area  which  now  flows  into  Lake  Ballinger. 

The  major  drainage-system  element  with  urban  value  is  Lake 
Ballinger  with  a park  area  providing  access  to  the  lake.  The  City  of 
Mountlake  Terrace  is  considering  the  allowance  of  boating  and  swimming 
in  their  park  area.  McAleer  Creek  does  support  salmon  runs  and  any 
activity  in  the  creek  is  of  interest  to  the  Department  of  Fisheries. 

DRAINAGE  PROBLEMS 


I 


"i 
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The  major  drainage  problems  of  the  McAleer  Creek  Sub-Basin 
are  located  at  Lake  Ballinger  and  below  Interstate  Highway  5.  They 
consist  of  stream  and  lake  flooding,  area  ponding,  erosion  and  sedi- 
mentation. These  result  from  upstream  watershed  development. 

Hall  Creek  apparently  does  not  now  have  major  flooding  prob- 
lems. The  level  of  Lake  Ballinger  fluctuates  significantly  and  this 
causes  flooding  of  adjacent  property  on  the  north  and  south  ends, 
including  the  Mountlake  Terrace  Golf  Course  (north  end  of  the  lake). 
Erosion  of  channel  banks  leading  to  the  lake  and  erosion  of  the  lake 
frontage  also  is  appearing.  Erosion  of  the  inlet  channel  is  caused 
by  high  flows  while  the  lake  frontage  erosion  is  caused  by  wave  action 
at  high  lake  levels. 

Erosion  of  streambanks  occurs  in  the  lower  portion  of  McAleer 
Creek  below  1-5  and  this  material  is  deposited  at  the  lower  end  of  the 
stream  before  it  enters  Lake  Washington.  Some  flooding  of  the  lower 
stream  section  has  been  reported  and  the  culvert  under  Bothell  Way 
and  the  three  downstream  bridges  are  reported  to  be  undersize. 

The  area  surrounding  Chase  Lake  Is  experiencing  water  quality 
and  drainage  problems  because  of  excessive  septic  tank  failures  coin- 
cidental with  a high  water  table.  The  coliform  count  of  Lake  Ballin- 
ger has  been  tested  and  the  suitability  of  the  lake  for  body  contact 
is  being  surveyed.  This  condition  is  of  concern  to  Mountlake  Terrace 
residents  because  of  plans  for  a park  there.  Lake  Ballinger  also  has 
been  discolored  by  erosion  from  adjacent  land. 

Further  development  in  the  sub-basin  will  overtax  the  streams 
and  increase  water  pollution  caused  by  urban  runoff.  Various  storm 
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drains  within  Mountlake  Terrace  and  Edmonds  are  predicted  to  be  in- 
adequate to  handle  future  peak  flows.  The  erosion  of  McAleer  Creek 
will  accelerate  and  increased  flooding  will  occur  near  Bothell  Way 
and  along  the  stream  between  Bothell  Way  and  Lake  Washington. 

Significant  flow  differentials  exist  between  the  2000  Compre- 
hensive and  2000  Corridor  land  use  plans,  therefore  both  plans  were 
investigated.  The  Comprehensive  land-use  plan  indicates  higher  flows 
in  Hall  Creek  than  the  Corridor  Plan.  The  Corridor  plan  indicates 
higher  flows  in  the  lower  portion  of  the  watershed  than  the  Comprehen- 
sive plan.  The  total  outflow  at  Lake  Washington  for  the  two  plans  is 
identical.  The  same  type  of  problems  were  indicated  by  both  land-use 
plans,  only  severity  of  the  problems  differed. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

Many  political  agencies  in  the  basin  have  formulated  drainage 
plans  for  their  areas.  Mountlake  Terrace  has  prepared  a channeliza- 
tion plan  for  Hall  Creek  that  calls  for  stream  clearing,  rip-rap  and 
channel  modifications.  Road  culverts  also  would  be  increased  in  size 
to  accommodate  the  increased  runoff  under  saturation  development. 

King  County  and  Snohomish  County  have  cooperated  in  the  preparation  of 
a plan  for  channelizing  the  outlet  of  Lake  Ballinger.  The  project  has 
not  been  implemented.  King  County  and  Lake  Forest  Park  have  not  pre- 
pared plans  for  the  section  of  the  stream  in  their  jurisdictions. 
Snohomish  County,  in  their  WASH-USE-1  study  investigated  the  upper  por- 
tion of  the  watershed  but  did  not  recommend  a specific  plan  and  did  not 
consider  downstream  effects  in  King  County. 

As  part  of  the  RIBCO  planning  effort,  numerous  public  meetings 
were  held  throughout  the  Cedar  and  Green  River  Basins  to  obtain  public 
input  for  local  problems  and  concerns.  Engineering  alternatives  were 
presented  in  these  meetings  and  comments  were  solicited  as  to  local 
acceptability.  These  comments  were  then  considered  as  solutions  to 
problems  previously  discussed  and  were  developed. 

Due  to  the  multitude  of  political  agencies  (5)  in  the  basin, 
and  the  various  stages  of  implementation  of  their  drainage  plans, 
total  sub-basin  cooperation  could  be  difficult  to  obtain. 

Staff  members  from  the  King  County  Public  Works  Department, 
Division  of  Hydraulics;  Snohomish  County,  Engineering  and  Planning 
Departments;  City  of  Edmond,  Public  Works  Department;  City  of  Lynnwood, 
Public  Works  Department  and  the  City  of  Mountlake  Terrace,  Public  Works 
Department;  have  jointly  reviewed  the  initial  alternative  plans  for 
drainage  developed  by  this  RIBCO  Study  for  the  McAleer  Creek  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  the  McAleer  Creek  Sub-Basin,  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  as 
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applied  to  the  region's  10-year  storm  to  the  year  2000  land  use. 

Drainage  problems  thus  identified  were  analyzed  and  possible  solutions 
were  provided  for  development  of  alternative  drainage  control  plans  as 
described  below. 

Two  major  alternative  plans  for  solving  the  McAleer  Creek 
drainage  problem  were  studied.  The  first  alternative,  which  is  item- 
ized for  both  the  2000  Comprehensive  Land  Use  Plan  and  the  2000  Corridor 
Land  Use  Plan,  proposed  enlargement  of  conduits  and  channel  and  stream 
bank  protection,  and  the  second  being  a combination  of  the  above  with 
runoff  control  features.  The  description  of  these  alternatives  follows. 

i^TERNATIVE  PLAN  I 

(Comprehensive  and  Corridor  Land  Use) 

General  Concept 

The  basic  approach  for  Alternative  Plan  I is  continuation  of 
present  trends  to  provide  adequate  storm  drainage  facilities  to  dis- 
charge runoff  to  the  nearest  natural  receiving  water  as  quickly  as  pos- 
sible. The  plan  consists  of  conveyance-system  enlargement  where 
required  and  streairbank  protection  that  would  maintain  stable  channels 
under  increased  flows. 

Major  Features 

The  Hall  Creek  channel,  downstream  of  220th  Street  S.W.  through 
Ballinger  School,  will  require  increased  capacity.  Various  culverts 
and  storm-drain  systems  also  will  require  increased  capacity  in  order  to 
pass  peak  runoff  rates  to  Hall  Creek.  The  eminent  channel  through  the 
Mountlake  Terrace  Golf  Course  will  require  streambank  protection  in  order 
to  prevent  erosion.  Some  channel  modification  for  local  problems  might 
also  be  required. 

The  outlets  of  both  Echo  Lake  and  Lake  Ballinger,  as  well  as 
the  culverts  beneath  1-5  at  the  205th  Street  interchange,  will  require 
enlargement.  The  channel  below  1-5  will  have  adequate  capacity  to 
accommodate  projected  flow,  but  will  require  extensive  streambank  pro- 
tection to  maintain  existing  banks  increased  flows.  Two  culverts  will 
require  enlargement  the  most  significant  being  the  culvert  under  Bothell 
Way.  Because  the  downstream  reach  through  a heavily  urbanized  residen- 
tial area  also  would  require  enlargement,  a portion  of  the  stream  should 
be  diverted  directly  to  Lake  Washington. 

Operation  and  maintenance  of  the  open  channel  system  will  con- 
sist of  maintaining  the  channel  at  its  proposed  size  to  provide  ade- 
quate capacity,  and  to  repair  any  erosion  damage  to  the  streamfcanks. 
Culverts  and  bridges  will  require  periodic  cleaning  of  any  accumulated 
debris  and  sediment.  Operation  and  maintenance  will  require  much 
greater  effort  than  is  currently  being  expended. 
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Cost 


The  estimated  cost  for  the  Comprehensive  Alternative  Plan  I 
is  $3,200,000.  The  estimated  cost  for  the  Corridor  Alternative  Plan  I 
is  $3,200,000. 

ALTERNATIVE  PLAN  II 


General  Concept 

This  alternative  plan,  on-site  runoff  control,  would  be  required 
throughout  the  watershed  to  control  runoff  to  existing  levels.  Both 
Echo  Lake  and  Lake  Ballinger  would  need  to  be  controlled  to  provide  ade- 
quate storage  so  as  to  reduce  downstream  flows  to  manageable  levels. 

Major  Features 

On-site  runoff  detention  will  be  provided  throughout  the  water- 
shed to  control  runoff  to  rates  that  presently  occur.  Because  the  sub- 
basin is  presently  heavily  urbanized,  the  25%  limit  for  runoff  increase 
in  peak  flow  rates,  as  presently  specified  by  King  County,  would  overtax 
the  drainage  system  and  any  significant  relief  to  the  problem  would  not 
be  provided.  As  runoff  control  will  be  provided,  the  Corridor  and  Com- 
prehensive land-use  plans  will  indicate  the  same  runoff. 

Lake  Ballinger  and  Echo  Lake  will  require  structures  to  control 
the  lake  levels  and  outflows  so  that  releases  will  not  overload  down- 
stream channels  and  the  1-5  Freeway  culvert.  The  estimated  storage 
capacity  for  the  control  of  the  lOO-year/4-hour  storm  event  is  approxi- 
mately 100  acre  feet.  This  would  mean  about  a one  foot  rise  in  the 
lake's  level.  Minor  storage  might  be  required  at  the  freeway  culvert, 
therefore,  it  will  be  flood-plain  zoned. 

McAleer  Creek  would  experience  erodable  velocities  but  of  much 
less  severity  than  those  of  the  previous  alternative.  Diversion  of 
flow  at  Bothell  Way  will  be  required,  but  with  smaller  magnitude  than 
for  Alternative  Plan  I. 

Operation  and  maintenance  requirements  for  this  alternative 
plan  would  be  shifted  from  channel  repair  and  clean  up  of  Alternative 
Plan  I to  lake-level  control  at  Lake  Ballinger  and  Echo  Lake.  Manage- 
ment of  the  lake's  level  is  a sufficiently  critical  need  that  either 
automatic  controls  or  constant  supervision  should  be  provided.  Auto- 
matic controls  are  estimated  to  be  less  costly  once  the  system  has 
been  planned  and  programmed. 

Cost 


The  estimated  cost  for  this  alternative  is  $1,700,000. 


1 
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PEAK  FLOW  COMPARISONS 


The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  land  use  a'd  with  alternative  drainage  management  solu- 
tions for  the  year  2000. 

COMPARISON  OF  10-YEAR  PEAK  .'LOWS 
(Cubic  Feet  Per  Second) 


Comprehensive 
Land  Use 

Comprehensive 
Land  Use 

Corridor 
Land  Use 

Comprehensive  & 
Corridor  Land  Use 

Location 

Existing* 

Facilities 

A1 ternative 
Plan  I 

Alternative 
Plan  I 

A1 ternative 
Plan  II 

Hall  ''  'k 
i e.  W 

245 

390 

355 

300 

1 St.  s.w. 

445 

590 

460 

460 

Lake  Ballinger 
Outlet 

380 

825 

770 

75 

Echo  Lake 
Outlet 

11 

115 

no 

11 

1-5  Freeway 
Culvert 

45 

850 

780 

115 

Lake  Washington 

280 

975 

975 

440 

♦Note  flows  constricted  by  upstream  flooding. 


ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  determine  applicability  of  sug- 
gested alternatives  for  this  sub-basin.  This  procedure  was  followed 
throughout  the  RIBCO  Study  in  developing  alternative  plans  on  the  various 
regional  sub-basins.  The  inspections  were  based  on  the  alternative 
evaluation  procedure  which  identified  34  unique  criteria  grouped  in 
general  categories  as  follow:  1)  Effectiveness,  2)  Human  Values,  3) 

Environmental  Factors,  4)  Implementation, and  5)  Resource  Requirements. 

The  various  structural  solutions  were  checked  against  the  appropriate 
criteria.  The  various  non-structural  solutions  were  reviewed  for  their 
relationship  to  existing  and  probable  future  developments.  The  criteria 
rating  total  for  Alternative  Plan  I,  which  employs  extensive  channeliza- 
tion, culvert  enlargements,  streambank  protection  and  diversion  of  the 
lower  creek,  was  a minus  47  for  both  the  Comprehensive  and  Corridor 
Plans  out  of  a possible  range  from  a positive  total  of  108  to  a negative 


total  of  108.  The  evaluation  rating  for  Alternative  Plan  II,  which 
employs  some  structural  development,  lake  storage,  runoff  control 
and  some  flood  plain  zoning,  was  a positive  14. 

Both  alternative  plans  where  judged  to  be  effective  for  con- 
trolling drainage.  Both  plans  involved  certain  sacrifices  of  human 
value  and  human  uses  of  the  plans  once  they  are  built.  Environmentally, 
Alternative  Plan  II  clearly  offered  more  resource  preservation  potential 
than  Alternative  Plan  I,  which  required  extensive  streambank  protection 
and  culvert  enlargement  throughout  the  entire  sub-basin.  Implementation 
of  either  alternative  is  made  difficult  because  of  the  extensive  inter- 
agency coordination  required  between  the  six  affected  agencies.  Both  of 
the  alternative  plans  involve  commitments  of  the  use  and  management  of 
natural  resources  because  they  rely  heavily  upon  structural  treatments 
for  all  or  part  of  their  solution.  However,  Alternative  Plan  II  is 
slightly  superior  in  this  regard. 

Alternative  Plan  II  relies  upon  runoff  control  and  some  flood- 
plain  zoning  for  future  land  development.  This  treatment  combination, 
if  it  is  to  be  part  of  the  chosen  alternative,  should  be  Implemented  as 
an  early  organized  effort.  Any  portion  of  the  sub-basin  that  develops 
without  these  combined  controls  will  require  more  structural  treatment 
than  Alternative  Plan  II  can  accommodate.  This  issue  should  be  brought 
to  the  attention  of  all  citizens  and  their  local  agencies. 

There  also  are  other  sacrifices  involved  in  the  two  alternative 
plans.  Both  plans  require  rip-rapping  of  a large  section  of  the  creek 
banks;  however.  Alternative  Plan  II  offers  a possibility  of  much  less 
streambank  protection  than  Alternative  Plan  I.  Because  much  of  this 
area  is  residential  in  nature,  installation  of  rip-rap  has  a very  nega- 
tive impact. 

CONCLUSIONS 


Alternative  Plan  II  is  superior  to  Alternative  Plan  I in  all 
categories  other  than  implementation,  an  area  where  they  are  equally 
difficult.  As  pointed  out  earlier,  runoff  control  and  some  flood-plain 
zoning  is  required  to  implement  Alternative  Plan  II. 

All  involved  agencies;  King  County,  Snohomish  County,  Mountlake 
Terrace,  Edmonds,  Lynnwood,  and  Lake  Forest  Park,  should  establish  an 
effective  agreement  for  development  of  a master  drainage  plan  that  incor 
porates  the  provisions  of  Alternative  Plan  II.  All  agencies  should  then 
move  to  implement  and  enforce  the  required  runoff  controls  and  flood- 
plain  zoning  within  their  own  jurisdiction. 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGF  STUDY 

I c I n Mc'Ueer  Creci.  CORH>^cm:nsive  Plan 


( XiSTING  F ACIl  ITIES 


[PIPE  DIAMETER  CHANNEL  MAX 

ELEMEMI  i OH  CHANNEL  SIDE  SLOPES  DEPTH  OF 

NUMETEH  TYPE  'BOTTOM  WIDTH  LENGTH  VeM  ) CHANNEL 


PROPOSED  FACILITIES 


ESTIMATED 
CAPITAL  COST 


C.ianr.e’ 

36'  widtn 
4'  depth 
1:1  side  slopes 

$33,130 

?.ep1ace- 
nient 
Cul  vert 

2T  X «'  ' 

$71,000 

I’arallel 

Pipe 

27" 

$13,333 

I’dranol 

Pine 

27" 

$16,330 

Parallel 

Pipe 

43" 

Channel 

25'  width 

6'  depth 

1:1  side  slopes 

Weir 

Ilenovc* 

Replace- 

ment 

Culvert 

15'  X 7' 

Ciiannel  j 

2.5'  width 

6‘  depth 

1:1  side  slopes 

Parallel 

Culvert 

15'  X 7' 
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HIBCO  URBAN  RUNOFf  AND  BASIN  DHAINAGt  STUDY 


e a 'IcAleer  CrL-ck  Comiire  lensi  ve  Flan 

Sub  Basif 


PROPOSED  fAClLlTiES 

TYPE 

r 

1 

1 

1 

ESTIMATED 
CAPITAL  COST  ' 

rient  ' 

Culvert  ' 

12'  « V 

Sc'26.3'JJ 

I’arallet 

21"  1 

1 $2i.30'J 

Pipe 

i 

i 

j 

Cfiannel 

1 

! Strear.ibank  protection 

1 

1 

S45.JJJ 

Cnannel  | 

1 

1 

Stredfitbank  protection 

1 

1 

S57.J30 

Cf-anrtel  j 

1 

J 

' ■ ■ ■ — 1 

' Streanibank  protection  j 

' 1 

1 312a,'J3J 

1 

Cnannel 

iltrcMmLiank  protection 

1 

1 

$45,300 

Cnannel 

Slreanbank  protection 

Cnannel 

1 

5trcaii)ank  protection 

Cnannel  j 

5t reaniljjnk  protectiw) 

Cnannel  j 

1 

1 

1 

Streant-ank  protection 

Cnannc  1 

Streamoank  protection 

Thp  Capital  C<Mt  few  aach  trt«fn«nt  include  Contractor  profrt, 

lM)dl  and  rontir^qpfKitt  In  addition,  larwf  purrhaie  and 
s^rr^anre  r.o^tt  arp  mriuded  wharf  land  is  required  All  costs  are  based 
»ipr/n  Ju/w*  1973|wicas 


Total  I stimated  Capital  Cerst  $3»Z«?5 ,003 

Round  To  $3,2J0,')00 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


HcAleer  Creek  Corridor  Plan 


EXISTINC 

i FACILITIES 

ELEMENT 
NlJMBE  B 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHon/  Vert  ) 

MAX 

depth  of 
CHANNEL 

ESTiMATtO 
CAPITAL  COST 


Parallel 
Culvert  1 

48” 

S18.J33 

Reolace-  ! 
ment  I 
Culvert  1 

13'  X V 

J3^5,030 

Paral lei 
Pipe 

^4” 

$34,003 

Replace-  | 
ment  1 
Culvert 

6‘  X 6' 

$27,330 

$256,000 


1 

The  E (<«pital  Cott  for  Mch  eferr>ent  irrtfudn  Contrattor  profit. 

**rt^r>nvirM|.  f^l  and  contir>9erKiet  In  addition,  larwl  purchM*  arKt 
WfY arvp  rmtt  are  wKiiijcled  Mt>e«a  land  i$  r«(|uired  All  coals  are  baaed 
ofwin  Ainr  19/3  prices 

Total  E stimated  Capital  Cost 
RourHl  To 

$3,179,003 

$3,200,000 
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HIOCU  UMbAN  MUNO^^  AND  BASIN  DRAINAGE  STUDY 


".cmIcct  Creel.  Co«i.»»re..cnsi ve  and  Corridor  r]j,i 


EXISTING  FACIUTIES 


iPiPf  DIAMETER 
i OR  CHANNE  L 


CHANNEL  MAX 

SIDE  SLOPES  DEPTH  OF 


NUMBER  TYPE  IbOTTOM  WIDTH  LENGTH  j 


PROPOSED  FACILITIES 

TYPI 

r ' 

ESTIMATED 
CAPITAL  COST 

42  Cnaniiel 


IJ-  2;1 


1:1 


Parallel  PI" 
Cul  vert 


Hei.lace-  i 43" 
.nen  t I 
Cjl  vcrt 

Parallel  31" 
Piae 


C.iatiiiel  25'  width 
4'  deptn 
1:1  side  slopes 


Parallel  33" 
Pipe 


.ieplace- 
■ ent 
Pipe 


PCiiO  Lake 
Optlet  cijjitrcl 


Parallel  66" 
Pipe 


S4C, 

, JW 

S21, 

,j30 

(’aral  lel 
rijic 

36" 

Lake  Callin-jcr 
cof.trol 

1 

Channel 

Flood  plain  zone 

3 ' Di  ve  rs  1 on 
Pipe 


S'  Channel  Streamoank  protection  S4b,J3d 


Streambank  protection  SS7,Jdd 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Alttrnativo  1 1 


s..hR«m  flcAleer  Creek  Comprenensi ve  and  Corridor  Flan 


ELEMENT 

NUMBER 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Horl^  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

18 

Channel 

6‘ 

2,500* 

5:1 

5* 

Channel 

Streambanli  protection 

$128,000 

63 

Channel 

4‘ 

1,000* 

2:1 

10* 

Cnannel 

Streambank  protection 

$45,000 

TT  ^ 

Channel 

12‘ 

2.5:1 

b ' 

Lhanne i 

^28,000  ~ 

12 

Channel 

12* 

1,800* 

3.1 

6* 

Channel 

Streambank  protection 

$114,000 

6 

Channel 

12* 

3,800* 

2.5:1 

10* 

Channel 

Streanibank  protection 

$206,000 

6 

Channel 

4* 

4,400* 

2.1 

10* 

Channel 

streambank  protection 

$197,000 

47 

Channel 

6* 

5,500* 

2:1 

6* 

Channel 

Streambank  protection 

$185,000 

3 

Channel 

12' 

2,300’ 

3:1 

6* 

Channel 

Streambank  protection 

$109,000 

Th«  Estimated  Capital  Cost  for  each  element  includes  Contractor  profit 
engtneermq.  teqal  ar>d  continqerKies  In  addition.  laryJ  purchase  and 
severance  costs  are  included  where  land  is  required  All  costs  are  based 
upon  Jur>e  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


il, 725, 000 
$1,700,000 
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REGIONAL  SUB-BASIN  C-13 


THORNTON  CREEK 


GENERAL  DESCRIPTION 


The  Thornton  Creek  Sub-Basin  is  located  west  of  Lake  Washington 
in  North  Seattle.  It  lies  in  a northwest/southeast  orientation  with 
the  creek  draining  southeast  into  Lake  Washington  at  Matthews  Beach 
north  of  Sand  Point.  Geography  of  the  sub-basin  is  generally  moderate 
in  the  upland  area,  with  several  sections  of  gullies  and  hills.  Total 
elevation  change  is  from  almost  500  ft.  to  15  ft.  above  sea  level  at 
Lake  Washington.  The  stream  channel  is  contained  in  a restricted  valley 
but  a narrow  flood  plain  exists  throughout  most  of  its  length.  The  City 
of  Seattle  controls  approximately  70%  of  the  sub-basin  with  the  remain- 
der being  in  King  County. 


The  principal  stream  is  Thornton  Creek  that  consists  of  a 
North  Fork  and  South  (West)  Fork.  The  North  Fork,  which  extends  for 
five  and  a half  miles,  first  appears  from  a culvert  north  of  Jackson 
Park  Golf  Course  below  Ronald  Bog  and  the  South  Fork  begins  in  the 
vicinity  of  5th  Avenue  Northeast  near  the  Northgate  Shopping  Mall  and 
North  Seattle  Community  College.  The  North  Fork  has  been  designated  as 
a demonstration  area  and  as  such  has  received  a separate  analysis  in 
this  appendix.  The  forks  join  at  Meadowbrook  Park  on  35th  Ave.  N.E. 

The  stream  flows  through  developed  residential  areas  and  parklands  and 
changes  character  numerous  times  as  it  is  affected  by  abutting  proper- 
ties. Remnants  of  wetland  areas  can  be  seen  above  the  North  Fork  at 
Ronald  Bog  and  an  unnamed  area  near  N.E.  155th.  Other  small  wetland 
areas  exist  throughout  the  sub-basin. 


Stream 

Category 

Drainage  Area 

Discharge 

South  Fork 

Thornton  Creek 

III 

5.1  sq.  mi . 

Lake  Washington 
(Matthews  Beach) 

Present  development  in  the  entire  sub-basin  consists  of  extensive 
residential  areas,  major  commercial  centers  and  a highly  developed  trans- 
portation system  that  include  portions  of  Interstate  5,  Aurora  Ave.  (State 
99),  and  Lake  City  Way  plus  other  major  local  arterial s.  There  are 
several  major  parks  and  institutional  uses.  The  overall  character  of 
the  sub-basin  is  urban,  with  only  2%  of  the  land  now  undeveloped. 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


P.S.G.C.  Land 

Use  Project 

Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

76 

74 

77 

Multiple  Family 

5 

2 

Commerc i a 1 / Serv i ce  s 

10 

10 

10 

Govt,  and  Educ. 

5 

5 

5 

Industrial 

Parks/Dedicated  Open  Space 

5 

4 

4 

Agriculture 

Airports,  Rail yards. 
Freeways,  Highways 

2 

2 

2 

Unused  Land 

2 

Water 

Total 

100 

100 

100 

Total  Impervious  Area 

45 

45 

45 

The  development  pattern  of  this  sub-baiin  is  fixed  and  it  allows 
little  latitude  for  addition  or  change  as  is  seen  in  the  P.S.G.C.  land- 
use  projections.  The  additions  that  will  occur  will  be  primarily  in  the 
commercial  and  multiple-family  residential  sector. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  existing  drainage  system  consists  of  the  two  main  forks  of 
Thornton  Creek,  several  tributaries,  many  small  gullies,  and  a partial 
system  of  storm  drains,  curbs,  gutters,  and  culverts  along  the  major 
arterials.  Much  of  the  sub-basin  is  drained  by  open  channels  along  the 
streets.  A portion  of  the  South  Fork  has  been  channelized  and  most  of 
the  streams  have  been  modified  to  some  extent.  Much  of  the  sub-basin, 
although  developed,  does  not  have  a storm-drain  system  and  relies  upon 
overland  flows  to  streets  and  streamways.  Street  improvements  in  the 
sub-basin  have  been  delayed  due  to  lack  of  drainage  facilities. 

In  a highly  urbanized  setting  such  as  Seattle,  those  portions 
of  the  strearrways  that  are  accessible  to  the  public  are  great  amenities. 
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By  the  nature  of  existing  development,  it  is  unlikely  that  there  will 
be  an  opportunity  to  create  a continuous  greenway  and  the  stream  will 
remain  an  amenity  primarily  to  those  with  abutting  property  and  in 
those  stretches  of  existing  public  ownership. 

The  State  Department  of  Game  and  Department  of  Fisheries 
believe  that  the  stream  is  impassable  to  fish  due  to  culverts  in  the 
lower  reaches  and  therefore  consider  it  an  unproductive  stream.  Local 
residents,  however,  have  reported  spawning  by  anadromous  fish,  and 
there  are  local  varieties  of  fish  in  the  stream  as  well. 

DRAINAGE  PROBLEMS 

The  Thornton  Creek  drainage  system  has  been  analyzed  in  two 
parts.  The  South  Fork,  also  known  as  Victory  Creek,  is  discussed  here- 
in; the  North  Fork  has  been  analyzed  as  a demonstration  area. 

Problems  in  the  South  Fork  sub-basin  include  local  ponding  in 
the  flat  upland  areas,  erosion  in  sections  of  the  creek,  and  sedimen- 
tation downstream  from  the  point  where  it  joins  with  the  North  Forx 
near  the  abandoned  Lake  City  Sewage  Treatment  Plant. 

A temporary  problem  that  adversely  affects  both  water  quality 
and  quantity  in  this  sub-basin  involves  construction  now  underway  in 
the  Northgate  area.  The  construction  site  is  not  only  the  source  of 
considerable  sediment,  but  it  also  replaces  Square  Lake  which  served 
as  a natural  detention  pond  for  water  upstream. 

This  sub-basin  comprises  the  main  channel  of  Thornton  Creek 
to  Lake  Washington,  including  a 72  inch  diameter  bypass  line  originating 
at  the  Lake  City  Sewage  Treatment  Plant  Site  and  discharging  directly 
to  Lake  Washington.  It  is  partly  due  to  the  capacity  of  this  bypass, 
and  channel  restrictions  upstream,  that  erosion  problems  and  flooding 
in  the  main  channel  downstream  are  not  more  serious  than  they  have  been. 

Both  the  year  2000  Comprehensive  and  Corridor  Land  Use  Plans 
indicate  a general  urbanization  of  the  Thornton  Creek  Sub-Basin.  The 
results  of  hydrologic  analysis  indicate  no  significant  difference 
between  the  Comprehensive  and  Corridor  Land-Use  Plans.  Therefore, 
the  drainage  alternatives  presented  herein  are  applicable  to  both  plans. 
The  total  impervious  area  in  this  sub-basin  under  either  land  use  pro- 
jection is  shown  to  be  at  a level  approximately  equal  to  the  existing 
45%  coverage. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


Existing  planning  in  this  sub-basis  includes  a conventional 
storm-drain  trunk  system  for  the  entire  Thornton  Creek  Sub-Basin 
designed  by  the  City  of  Seattle.  This  plan  would  solve  the  major 
drainage  problems  in  this  sub-basin,  but  it  would  involve  a large 
capital  outlay  and  has  not  been  funded.  The  City  of  Seattle  Department 


C-13-3 


I 


of  Parks  and  Recreation  has  purchased  a significant  portion  of  the 
undeveloped  streamside  and  wetland  properties  along  the  South  Fork 
and  also  operate  several  parks  along  the  stream. 

Important  in  the  planning  efforts  within  this  sub-basin  is 
the  Thornton  Creek  Basin  Improvement  Association  (TBIA)  that  has  en- 
couraged the  concept  of  surface  water  management  for  the  sub-basin. 
Public  meetings  held  both  by  TBIA  and  RIBCO  during  the  course  of 
this  planning  effort  were  used  as  the  forum  for  receiving  public  com- 
ment on  local  problems. 

Staff  members  from  the  City  of  Seattle  Engineering  Department 
and  Planning  Department  and  representatives  from  the  Thornton  Creek 
Basin  Improvement  Association  have  reviewed  the  initial  alternative 
plans  for  drainage  developed  by  this  RIBCO  Study  for  Thornton  Creek 
Sub-Basin . 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  South  Fork  drainage  system  as  described  by 
local  agencies  was  evaluated  by  computer  simulation  applying  the 
region's  10-year  storm  to  the  year  2000  land  use.  Drainage  problems 
thus  identified  were  analyzed  and  possible  solutions  provided  in 
development  of  alternative  plans  for  drainage  control  as  described 
bel  ow . 

ALTERNATIVE  PLAN  I 

General  Concept 

Although  the  major  emphasis  in  this  alternative  is  to  open  up 
the  existing  channels  to  allow  passage  of  all  runoff,  the  elements  of 
detention  storage  and  flow  diversion  are  also  included  to  a limited 
extent.  This  plan  includes  culvert  replacement  and  construction  of 
parallel  conduits  where  present  lines  are  inadequate  to  accommodate 
flows,  and  in  areas  where  erosion  is  a problem,  streambank  protection 
would  be  provided. 

Major  Features 

The  primary  effort  in  this  program  is  enlargement  of  channel 
sections  to  increase  their  natural  capacity.  Downstream  from  the  con- 
fluence of  the  North  and  South  Forks,  this  would  involve  lining  the 
channels  with  concrete  sidewalls  to  reduce  frictional  losses  and  thereby 
avoid  an  unreasonably  wide  channel  that  could  require  the  condemnation 
of  some  residences.  Near  the  mouth  of  Thornton  Creek  between  Lake 
Washington  and  Sandpoint  Way  N.E.  where  the  channel  is  too  close  to 
existing  homes  to  allow  any  significant  channel  widening,  a diversion 
line  would  be  constructed  to  carry  peak  flows  directly  to  the  lake. 

The  diversion  would  allow  some  flow  to  continue  In  Its  present  path  so. 
that  the  existing  stream  environment  would  be  maintained.  The  diversion 
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line  is  the  single  most  costly  item  in  this  alternative. 

As  mentioned  above,  detention  storage  would  be  used  in  this 
alternative  to  a limited  extent.  At  North  Seattle  Community  College, 
there  is  in  existence  a s,.orage  pond  constructed  to  control  flows  from 
the  campus.  This  pond  would  be  enlarged  to  control  runoff  not  only 
from  the  college,  but  from  the  entire  upstream  drainage  area. 

Cost 

The  cost  for  Alternative  Plan  II  is  estimated  to  be  $1,700,000. 
ALTERNATIVE  PLAN  II 

General  Concept 

This  plan  calls  for  diversion  around  the  South  Fork  of  Thornton 
Creek  to  allow  all  but  damaging  flows  to  continue  in  its  present  path. 
This  concept  also  would  include  a limited  amount  of  detention  storage 
as  described  in  Alternative  Plan  I,  some  pipe  and  culvert  replacement, 
and  erosion  control  at  some  points  along  the  creek. 

Major  Features 

The  most  significant  element  of  this  plan  is  the  construction 
of  a diversion  line  beginning  on  5th  Ave.  N.E.  and  proceeding  east  to 
Lake  Washington.  The  line  would  divert  peak  flows  from  the  creek  and 
allow  a controlled  amount  to  continue  in  its  natural  channel  for  all 
storms  within  the  design  period  of  10  years.  As  the  diversion  passes 
the  Lake  City  Treatment  Plant,  it  will  pick  up  the  North  Fork  of 
Thornton  Creek,  make  full  use  of  the  existing  bypass  line,  and  con- 
tinue directly  to  Lake  Washington.  Downstream  from  the  Lake  City 
Plant  only  minor  channel  protection  will  be  necessary  to  prevent 
erosion;  all  existing  channels,  bridges,  and  conduits  would  be  capable 
of  passing  expected  runoff. 

The  only  other  features  of  this  alternative  would  be  enlarge- 
ment of  the  North  Seattle  Conmunity  College  storage  pond,  some  channel 
improvements  between  Lake  City  Way  and  Nathan  Hale  High  School,  and 
construction  of  some  parallel  storm  sewers. 

Cost 


The  cost  for  Alternative  Plan  II  is  estimated  to  be  $3,700,000. 
ALTERNATIVE  PLAN  III 

General  Concept 

; The  general  concept  of  this  plan  is  basically  a compromise 

between  the  two  previously  discussed.  It  includes  additional  detention 
I storage,  limited  channel  improvements  and  culvert  replacement,  construc- 

’ tion  of  parallel  conduits  and  diversion  of  peak  flows  to  the  Lake  City 

< bypass  line. 
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Major  Features 


The  two  most  costly  elements  of  this  alternative  are  four 
holding  ponds  and  a diversion  line.  Detention  storage  includes  en- 
largement of  the  North  Seattle  Community  College  facility,  construc- 
tion of  two  new  ponds  on  City  property  between  5th  Ave.  N.E.  and 
Roosevelt  Way,  and  the  development  of  a large  20  acre-feet  storage 
facility  at  the  Lake  City  Sewage  Treatment  Plant  site.  An  even  greater 
volume  could  be  obtained  if  either  the  existing  plant  structures  were 
removed,  or  the  abandoned  tanks  and  clarifiers  were  used  for  storage. 

The  diversion  line  would  be  constructed  to  parallel  the  exist- 
ing bypass  line  from  the  plant  site  down  105th  Street  to  45th  Ave.  N.E. 
where  it  would  enter  an  existing  tunnel  that  discharges  to  Lake  Washing- 
ton. The  tunnel  is  part  of  the  Lake  City  bypass  system  but  is  larger 
than  the  72  inch  diameter  line  coming  from  the  plant  at  the  present  time 
and  lies  at  a steeper  slope. 

The  total  effect  of  this  plan  would  be  similar  to  that  described 
in  Alternative  Plan  II  except  that  flows  between  Roosevelt  Way  and  the 
Lake  City  Plant  would  be  higher  since  no  diversion  facilities  would  be 
provided  in  between. 

Cost 


The  cost  for  Alternative  Plan  III  is  estimated  to  be  $1,400,000. 
PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  under  alternative  drainage  management  solutions  for  the 
year  2000.  The  peak  flows  are  given  for  various  locations  along  the 
creek. 


COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Existing  Alternative  Alternative  Alternative 
South  Fork  Location  Facilities Plan  I Plan  II  Plan  III 


105th  Ave. N.E. /Roose- 
velt Way 

80 

270 

50 

270 

35th  Ave.  N.E. 

500 

650 

280 

490 

Lake  City  Treatment  Plant 

250 

1730 

380 

670 

Matthews  Beach 

150 

1780 

180 

180 

Combination  of  Creek  Flow 
and  Diversion  Pipeline 

1900 
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ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  the  applicability  of  the 
suggested  alternative  plans  for  this  sub-basin.  This  procedure  was 
followed  throughout  the  KIBCO  Study  for  development  of  alternative 
plans  for  the  various  regional  sub-basins.  The  inspections  were  based 
upon  the  alternative  evaluation  procedure  which  identified  34  unique 
criteria  grouped  in  general  categories:  1)  Effectiveness,  2)  Human 

Values,  3)  Environmental  Factors,  4)  Implementation,  and  5)  Resource 
Requirements.  The  various  structural  solutions  were  checked  against 
the  appropriate  criteria  and  the  various  non-structural  solutions  were 
reviewed  for  their  relationship  to  existing  and  probable  future  develop- 
ments. The  criteria  rating  total  for  Alternative  Plan  I,  which  employs 
channelization,  streambank  protection  and  enlarged  conduit,  was  a minus 
26  on  a scale  ranging  from  a positive  108  to  negative  108.  The  total 
evaluation  rating  for  Alternative  Plan  II,  which  employs  storage,  a 
major  diversion  line,  some  streambank  protection,  and  some  channeliza- 
tion, was  a minus  4.  The  total  evaluation  rating  for  Alternative  Plan 
III,  which  involved  storage,  enlarged  conduit,  a smaller  diversion  sys- 
tem, and  some  channelization,  was  a plus  24. 

All  three  alternatives  were  judged  to  be  marginally  effective  in 
controlling  drainage  because  they  are  felt  to  be  relatively  complicated 
and  somewhat  difficult  to  maintain.  They  all  do  provide  adequate  flood 
damage  reduction.  In  addition.  Alternative  Plans  I and  II  were  believed 
to  be  somewhat  inflexible  and  incapable  of  further  change  or  addition. 
Alternative  Plans  II  and  III  received  positive  rating  for  promotion  of 
human  values  while  Alternative  Plan  I was  felt  to  be  detrimental  to 
human  values.  This  judgment  primarily  is  based  upon  the  fact  that  in 
Alternative  Plan  I the  entire  Thornton  Creek  South  Fork  must  be  channel- 
ized or  provided  streambank  protection,  thereby  destroying  the  natural 
quality  that  exists  at  this  time.  Alternative  Plans  II  and  III  also 
received  a positive  rating  for  environmental  factors.  Both  alternatives 
should  improve  stream  water  quality  and  may  actually  allow  fisheries  to 
be  re-established  in  the  stream.  Alternative  Plan  I was  downgraded 
again  because  of  its  extensive  alteration  of  the  natural  system  and  the 
disruptive  effects  on  wildlife  and  vegetation.  Alternative  Plans  I and 
III  received  positive  rating  on  their  implementation  potential  but  for 
the  future  and  requires  action  by  only  one  jurisdiction.  While  Alterna- 
tive Plan  III  requires  action  by  only  one  jurisdiction,  it  must  be  imple- 
mented in  the  fairly  immediate  future  because  of  its  reliance  upon 
storage  areas  available  at  this  time.  Alternative  Plan  III  Concept  also 
has  the  known  public  acceptance.  All  three  alternative  plans  were  con- 
sidered to  require  extensive  resource  commitments,  both  in  terms  of 
money  and  materials.  Only  Alternative  Plan  III  had  land  requirements 
that  could  be  used  for  more  than  one  purpose. 

A critical  element  in  both  Plans  II  and  III  is  the  storage  with- 
in the  sub-basin  necessary  to  reduce  flows  that  the  natural  stream  must 


C-13-7 


carry.  Both  alternative  plans  utilize  storage  at  North  Seattle  Commun- 
ity College  and  in  addition,  Alternative  Plan  III  requires  designation 
of  storage  within  areas  which  have  been  recently  acquired  by  the  City 
of  Seattle,  Department  of  Parks  and  Recreation.  The  use  of  these  areas 
for  storage  must  be  accomplished  with  the  cooperation  of  the  Department 
of  Parks  and  Recreation  and  prior  to  commitment  to  any  park  development 
schemes  for  these  sites. 

CONCLUSIONS 

Alternative  Plan  III  is  clearly  superior  to  either  Alternative 
Plan  I or  II,  but  it  does  require  fairly  immediate  action  to  gain  access 
rights  to  the  holding  ponds  vital  to  the  functioning  of  this  system. 

The  Thornton  Creek  Sub-Basin  has  developed  to  an  extent  that  runoff  con- 
trols for  new  development  would  have  a very  minor  impact,  and  therefore 
all  solutions  presented  do  involve  construction  within  the  stream  that 
must  be  handled  in  a most  cautious  manner. 

The  City  of  Seattle  has  total  jurisdiction  over  the  South  Fork 
of  the  Thornton  Creek  Sub-Basin  and  therefore  is  in  a position  to 
implement  whatever  master  drainage  plan  it  develops.  The  condition  of 
Thornton  Creek  is  such  that  without  sensitive  and  immediate  action,  it 
eventually  will  need  to  be  controlled  in  a manner  that  would  be  detri- 
mental to  the  character  of  the  stream  as  it  now  exists. 
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RUNOFF  QUALITY  SUM  WRY 
THORNTON  CREEK 


^ - - ---  uujr  • 

Concentrations  in  mg/liter  except  total  colifomi  which  is  in  MPN/100  ml. 
**  Combined  peak  flow  of  diversion  and  Thornton  Creek. 

##  Flow  at  moutn  of  creek  only,  diversion  flow  not  shown. 


EVALUATION  MATRIX  , THOKiTOti  CRtt 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDV 
. I Thornton  Creek 


EXISTING  FACILITIES 

I IpiPF  diameter  CHANNEL  MAX 

EIIMENT,  I OR  CHANNEL  SIDE  SLOPES  DEPTH  OF 

NUMBE  R I TYPE  BOTTOM  WIDTH  LENGTH  (Hon/  VefI  I CHANNEL 


PROPOSFD  FAClIITIFS 


Parallel 
Culve rt 


Parallel  24" 

Pipe  ! 

I 

Channel  5'  width 

2.5'  depth 
2:1  side  slopes 

Channel  6'  widtn 

2.5'  deptn 
2:1  side  slopes 


ESTIMATED 
CAPITAL  COST 


Parallel  1 
Pipe  1 

1 

12" 

i 

Parallel  j 

36" 

$40,300 

Replace- 

ment 

Culvert 

12'  X V 

$47,000 

Replace- 

12 X 6' 

$47,000 

ment 
Cul  vert 
j 

Diversion! 

Two  108"  lines 

$513,000 

Pipe  j 

(Element  244) 

Channel 

3'  width 
2.5'  depth 
2:1  side  slopes 

$5,000 

Channel 

Streamhank  protection 

$23,000 

Channel 

8'  width 
4'  depth 
2:1  side  slopes 

Chaniie  1 

10'  width 
4'  depth 
2:1  s'de  slopes 

Channel 

26'  width 
6'  deptn 
2:1  side  slopes 

Channel 

26'  width 

6 ' depth 

2:1  side  slopes 

$12,000 


RIBCO  URBAN  RUNOFf  AND  BASIN  DRAINAGE  STUDY 


Aitefr^ative I f>ub  Thornton  Crg6k 


EXISTIN( 

i FACILITIES 

PROPOSED  FACILITIES 

element 
NUM9E  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Horn  Vert  1 

MAX 

depth  of 
CHANNEL 

TYPE 

estimated 

CAPITAL  cost 

13 

Ch-mel 

12' 

300' 
j 

1:1 



4‘ 



Channel 

12'  widtn 
5'  depth 
Concrete  lined 
2:1  side  slopes 

552,000 

11 

Channel 

12' 

400' 

1:1 

3' 

Channel 

12'  widtn 
5'  deptn 
Concrete  lined 
2:1  side  slopes 

563,000 

s 

Channel 

10' 

2,000' 

1:1 

4' 

Channel 

12'  widtn 
5'  depth 
Concrete  lined 
2:1  Si de  slopes 

5303,000 

7 

Channel 

— ) 

500' 

1:1 

4* 

Channel 

12'  width 
5'  depth 
Concrete  lined 
2:1  side  slopes 

569,000 

5 

Channel 

10' 

300' 

1:1 

4' 

Channel^ 

SiT'widt.i  

6'  depth 
2:1  side  slopes 

513,000 

3 

Channel 

12' 

200' 

1:1 

Channel 

30'  widtn 
6'  depth 
2:1  side  slopes 

513,000 

16 

Channel 

12' 

300' 

1:1 

4' 

Channel 

26'  width 

6'  depth 

2:1  side  slopes 

511,000 

Channel 

12' 

40' 



1:1 

4.5' 

Channel 

17'  widtn 
6'  deptn 
Ve rt  1 ca I wall 
Concrete  lined 

518,000 

10 

Channel 

10' 

40' 

1:1 

4' 

Channel 

17'  widtl) 

6'  depth 
Vertical  wall 
Concrete  lined 

518,000 

8 

Channel 

16' 

60' 

1:1 

6* 

Channel 

17'  width 
6‘  depth 
Vertical  wall 
Concrete  lined 

518,000 

232 

Holding 

Pond 

2.0  AF 

Holding 

Pond 

8.5  AF 

5132,000 

20 

None 

Inlet/ 

Outlet 

To  66" 

511,000 

6 

Hone 

Inlet/ 

Outlet 

For  12'  « 7'  culvert 

518,000 

4 

Hone 

Inlet/ 

Outlet 

For  12'  X b'  culvert 

$18,000 

2 

Hone 

Inlet/ 

Outlet 

For  culvert 

518,000 

— - - 1 

Th«  EsiifTMfed  Capiial  Ccm  for  each  elem«f>t  incluftes  Contractor  proht 
en9mc«r>n^  laqal  and  r^>tmt|er>cies  In  addition,  land  purthasa  and 
mfmanta  rottt  are  mcludad  where  larid  t%  required  All  rostt  are  baaed 
upon  iune  I9F3  pricea 


Total  F stmiated  Capital  Cost  ^ 745  ^OQQ 
Round  To  $1  • 700*000 


EllM^NT 
NUMBE  R 


236  ' .Jone 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 
II  Thornton  Creek 


EXISTING  FACIUTIES 


PIPE  DIAMETER  CHANNEL  MAX 

OR  CHANNEL  SIDE  SLOPES  DEPTH  OF 

BOTTOM  WIDTH  LENGTH  (Hon/  Veil  ) CHANNEL 


b Channel  tO'  300*  1:1 


Parallel 

Pipe 

24" 

$37,000 

Diversion 

Pipe 

54" 

3, no' 

$325,000 

Diversion 

72" 

$44  7,000 

Diversion  54" 


Diversion  72" 


Diversion  B4 


Diversion  144" 
Pipe  2,400' 


Diversion  1^4" 
Pipe  I 900' 


Diversion  66" 


$106,000 


$104,300 


$326,000 


$768,000 


i $163,000 


$216,000 


Parallel 

Culvert 

36" 

$3,000 

Channel 

7'  width 
3'  depth 
2:1  side  slopes 

$12,000 

Channel 

Streambank  protection 

$8,000 

Channel 

Streainbank  protection 

$5,000 

Holding 

Pond 

8.6  AF 

$155,000 

Inlet/ 

Outlet 

Diversion  for  54" 

$9,000 

HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDV 


After  native 


II 


s„hR..,n  Thornton  Creek 


ELEMENT 

number 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
IHonz  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

— 

ESTIMATED 
CAPITAL  COST 

238 

ilone 



Inlet/ 

Outlet 

Diversion  for  54" 

$20,000 

23S 

.lone 

Tunnel 

3,000' 

$500,000 

240 

i^one 

Tunnel 

1,600' 

$267,000 

■ 

1 

The  Estimated  Capital  Cost  for  each  element  includes  Contractor  profit, 
engineer  trig,  legal  ar>d  contingencies  In  addition,  larxj  purchase  and 
ieverar>ce  costs  are  included  where  iarxf  is  required.  Ail  costs  are  based 
upon  Jurse  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


$3,654,000 

$3,700,000 
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HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Suti  Basin  Thornton  Creek 


Parallel  I 36" 
Culvert  I 


Diversion!  1)8" 


PROPOStO  FACILITIES 

TVPt 

ESTIMATED 
CAPITAL  COST 

Parallel  ! 
Pipe  j 

42" 

$71 ,000 

Parallel  , 
Pipe  j 

12“ 

i 

$48,000 

Parallel 

Pipe 

: 36“ 

1 

$40,000 

Parallel  | 

24" 

$97,000 

Channel  i 8'  width 
j 3.6'  depth 
2:1  s i de  si  opes 

Channel  Streambank  protection 


Channel  10'  width 

3.5'  depth 
2:1  side  si  opes 

Channel  Streastiank  protection 


Holding  0.5  AF 
Pond 


Holding  J AF 
Pond 


Holding  20  AF 
Pond 


$466,000 


$20,000 

$22,000 


Channel  Streambank  protection  $5,000 


$155,000 


RIBCO  URBAN  runoff  AND  BASIN  DRAINAGC  STUDY 
. HI  Sub  B«,n  Thornton  Crtek 


EXISTING  FACILITIES 


PROPOSED  FACILITIES 

TYPE 

ESTIMATED 
CAPITAL  COST 

Inlet  and 

Outlet 

Structure! 

36“ 

(6,000 

Inlet  and 

Outlet 

Structure! 

48" 

t 

(8.000 

The  Eiiimated  Cepitei  Cost  for  each  element  mclucles  Contractor  profit. 
engineertr>9.  legal  and  contingencies  In  addition.  Iar>d  purchase  and 
sever ary;e  costs  are  included  where  larwl  is  re<|uired  At!  costs  are  based 
upon  Jur>e  1973  prices 


Total  Estimated  Capital  Cost  $1  •354,000 
Round  To  $1  •400,000 


•OHG  COON'O 


THOR\TO\  CREEK 


ISH-KINC  COUMTV 


THORNTON  CREEK 


REGIONAL  SUB-BASIN  C-14 


MERCER  SLOUGH 


GENERAL  DESCRIPTION 


The  Mercer  Slough  Sub-Basin  is  located  between  Lake  Washington 
and  Lake  Sammamish.  It  is  traversed  by  Interstate  90  and  Interstate 
405.  The  sub-basin  lies  in  a north-south  direction  with  Mercer  Slough 
draining  south  into  Lake  Washington  at  Interstate  90.  Approximately 
89%  of  the  sub-basin  is  within  the  City  of  Bellevue  and  the  remainder 
is  in  King  County,  5%,  Redmond  4%,  and  Kirkland  2%. 

Geography  of  the  sub-basin  is  typical  of  the  central  Puget 
Sound  region  with  moderately  rolling  hills,  gullies,  and  wetlands. 
Elevations  range  from  more  than  500  ft.  to  15  ft.  above  sea  level  at 
Lake  Washington. 

Principal  streams  of  the  system  are  (1)  Mercer  Slough  proper, 
the  broad  wetland  receiving  basin  which  flows  south  into  Lake  Washing- 
ton; (2)  Richards  Creek,  which  flows  north  through  Eastgate  and  the 
uplands  of  the  south;  (3)  Kelsey  Creek,  which  flows  first  north,  and 
then  south  to  drain  central  Bellevue;  and  (4)  Valley  Creek,  which  flows 
south  and  drains  portions  of  Bellevue,  Kirkland  and  Redmond.  Stream 
length  over  the  longest  distance  is  11.2  miles. 

Streams  Category  Drainage  Area  Discharge 

Mercer  Slough  III  7.4  sq.  mi.  Lake  Washington 

Richards  Creek  III  3.7  sq.  mi.  Mercer  Slough 

Kelsey  Creek  has  been  designated  as  a demonstration  area  and 
has  received  a separate  evaluation  in  this  appendix. 

Present  development  of  the  entire  sub-basin  is  a mixture  of 
residential  , commercial,  industrial,  institutional  and  transportation 
P‘  uses  plus  some  agricultural,  public  open  space  and  vacant  land.  This 

sub-basin  has  passed  the  50%  development  mark  and  now  is  approximately 
33%  vacant  land. 


C-14-1 


PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

66 

63 

68 

Multiple  Family 

1 

3 

3 

Commercial /Services 

2 

15 

10 

Govt,  and  Educ. 

2 

3 

3 

Industrial 

1 

5 

5 

Parks/Dedicated  Open  Space 

5 

10 

10 

Agriculture 

2 

Airports,  Railyards, 
Freeways,  Highways 

1 

1 

1 

Unused  Land 

20 

Water 

Total 

100 

100 

100 

Total  Impervious  Area 

25 

40 

40 

Patterns  of  land  use 

in  this  sub- 

-basin  are  defined 

and  future 

development  generally  should  tend  to  fill  in  the  voids.  Further  develop- 
ment in  Mercer  Slough  proper,  such  as  Bellefield  Park,  an  industrial 
area,  will  eliminate  this  portion  of  the  slough's  natural  drainage  sys- 
tem. Likewise,  massive  development  projects,  such  as  the  proposed 
Evergreen  East,  without  adequate  runoff  controls,  will  greatly  impact 
the  drainage  system. 

The  PSGC-year  2000  Comprehensive  and  Corridor  Plans  both  project 
100%  development  within  the  sub-basin  with  significant  Increases  of 
commercial  and  industrial  land  use. 

Public  concern  over  the  future  of  the  Mercer  Slough  Sub-Basin 
is  intense.  The  City  of  Bellevue,  with  jurisdictional  control  over 
most  of  the  sub-basin,  has  recently  created  a drainage  utility  that 
designates  the  Mercer  Slough  system  of  streams  as  a part  of  a drainage 
utility  system  that  will  make  use  of  the  various  streams  and  wetlands 
In  their  natural  state.  Interest  In  the  Mercer  Slough  system  as  a 
natural  element  to  be  preserved  Is  expressed  by  the  on-going  Involve- 
ment of  the  Bellevue  Citizens  Advisory  Committee  on  Stream  Resources, 
a group  created  by  the  Bellevue  City  Council. 
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NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

The  existing  drainage  system  is  a combination  of  the  natural 
streams,  two  lakes,  the  wetland  areas  of  Mercer  Slough  proper  and 
Kelsey  Creek  and  extensive  man-made  facilities,  including  curbs, 
gutters,  culverts  and  pipes.  A major  portion  of  Mercer  Slough  proper 
has  been  channelized  and  dredging  is  periodically  necessary. 

The  Mercer  Slough  system  has  a diminishing  potential  as  an 
urban  greenway  as  development  encroaches  upon  the  streambanks.  The 
stream  has  been  incorporated  into  development  of  numerous  residential 
properties  and  access  along  the  stream  is  inhibited  by  barriers  such 
as  bridges,  culverts  and  fences.  There  is  an  existing  population  of 
cutthroat  trout  and  coho  salmon  that  require  high-quality  water  for 
survival.  However,  other  stream  life  evident  in  the  system  is  of  the 
pollution-tolerant  variety  that  indicates  a degradation  of  stream 
ecology.  The  sub-basin  is  served  by  Metro  for  sanitary  sewerage. 

DRAINAGE  PROBLEMS 


Drainage  problems  within  the  Mercer  Slough  area  are  concentra- 
ted in  two  general  areas;  the  Richards  Slough  area  north  of  Kamber 
Road  and  the  main  channel  of  Mercer  Slough  between  1-405  and  Lake 
Washington . 

Overbank  flooding  occurs  in  the  area  of  the  Factoria  indus- 
trial area  north  of  1-405  and  east  of  Richards  Road.  Flood  flows 
exceed  the  capacity  of  the  culverts  at  Kamber  Road.  Channel  slopes 
begin  to  flatten  north  of  Kamber  Road  and  the  capacity  of  the  down- 
stream channels  are  reduced. 

The  slough  area  between  Kelsey  Creek  and  Richards  Creek  experi- 
ences general  overland  flow  when  the  runoff  exceeds  the  channel  capa- 
city. The  Interlake  Connector  serves  as  a barrier  between  the  two 
watersheds  until  approximately  one  half  mile  above  the  1-405  culvert. 

Some  minor  flooding  of  storm  drains  occurs  in  developed  parts 
of  the  Mercer  Slough  but  the  major  problem  is  focused  at  the  main 
Mercer  Slough  channel  which  floods  over  the  banks. 

Erosion  within  the  sub-basin  seems  to  be  controlled  by  the 
existing  holding  pond  above  1-405  on  Richards  Creek  which  drains  the 
Somerset  area.  The  stream  gradients  are  very  steep  in  this  area  and 
the  holding  pond  settling  basin  requires  cleaning  virtually  every  year. 

Both  the  year  2000  Comprehensive  and  Corridor  Land  Use  Plans 
indicate  a general  urbanization  of  the  Mercer  Slough  sub-basin.  The 
results  of  hydrologic  analyses  of  these  plans  indicates  no  significant 
difference  between  the  Comprehensive  and  Corridor  Land  Use  Plans. 
Therefore,  the  drainage  alternatives  presented  herein  are  applicable  to 
both  plans.  The  existing  drainage  problems  will  become  more  severe 
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because  of  increases  in  impervious  areas  and  resultant  faster  runoff. 
The  total  impervious  area  in  this  sub-basin  under  either  land  use 
projections  will  increase  from  an  existing  25%  level  to  approximately 
40%,  as  shown  by  the  table  of  projected  land  uses. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

As  cited  above,  the  City  of  Bellevue  has  designated  the  Mercer 
Slough  system  in  its  natural  state  as  a part  of  the  City's  drainage 
utility.  The  utility  would  assess  all  sub-basin  property  owners  a 
monthly  service  charge  based  upon  the  amount  of  runoff  from  impervious 
surfaces.  The  City  also  is  considering  alternative  land-use  plans 
based  upon  sub-basin  drainage  characteristics.  The  execution  of  these 
actions  is  critical  as  the  Mercer  Slough  system  is  in  a deteriorating 
state.  Bellevue  also  has  a unique  "clearing  and  grading"  ordinance 
that  requires  control  of  runoff  from  properties  being  developed. 

The  Committee  on  Stream  Resources  has  aided  the  Bellevue  City 
staff  in  an  inventory  of  the  stream  system,  its  ecology  and  problems. 

A National  Science  Foundation  grant  to  the  University  of  Washington  in 
1971  also  produced  detailed  analysis  of  Kelsey  Creek  ecology.  In  1972, 
the  Bellevue  Planning  Department  undertook  a very  progressive  program 
for  development  of  future  land-use  alternatives  based  upon  drainage- 
basin  constraints.  This  effort  was  followed  by  development  of  the 
Drainage  Basin  Management  Plan. 

Staff  members  from  the  City  of' Bellevue  Public  Works  Department 
have  reviewed  the  initial  alternative  plans  for  drainage  developed  by 
this  RIBCO  study  for  the  Mercer  Slough  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  the  Mercer  Slough  Sub-Basin,  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  the  region's  10-year  storm  to  P.S.G.C.  year  2000  land  use. 
Drainage  problems  thus  identified  were  analyzed  and  possible  solutions 
were  provided  for  development  of  drainage-control  alternative  plans  as 
described  below. 

ALTERNATIVE  PLAN  I 


General  Concept 

For  purposes  of  comparing  drainage  alternatives  and  their  costs, 
the  traditional  method  of  channelization  is  investigated  as  Alternative 
Plan  I.  The  drainage  system  will  be  enlarged  to  pass  peak  flows  indica- 
ted by  the  future  land-use  plan.  The  channels  and  conduits  will  be 
enlarged,  and  streambanks  protected  where  required. 
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Major  Features 

Almost  the  entire  system  would  require  enlargement  or  stream 
bank  protection.  The  channel  through  the  Kelsey  Creek-Richards  Creek 
slough  area  between  Kaniber  Road  and  1-405  would  require  large  channel 
capacities.  The  culverts  beneath  the  freeway  also  would  require 
enlargement.  Mercer  Slough  would  require  very  large  channels  in  the 
flatter  downstream  reaches  near  Lake  Washington  to  accommodate  the  flows. 
Storm  drains  carrying  runoff  from  the  N.E.  8th  Street  interchange  area, 
and  the  area  west  of  the  freeway  would  also  require  enlargement. 

Cost 


The  cost  for  Alternative  Plan  I is  estimated  to  be  $5,600,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

This  alternative  is  composed  of  two  basic  elements.  On-site 
runoff  control  will  be  used  to  reduce  runoff  under  future  developments 
to  that  presently  experienced.  Flood-plain  zoning  is  recommended  in 
areas  where  flooding  will  occur  to  prevent  damage  to  existing  develop- 
ment. 


Major  Features 

On-site  runoff  control  will  be  provided  throughout  the  watershed 
for  all  future  development.  Runoff  will  be  limited  to  present  levels  in 
order  to  relieve  the  demand  upon  most  existing  facilities.  Flood-plain 
zoning  will  be  needed  in  Mercer  Slough  and  the  Kelsey  Creek-Richards 
Creek  wetland  areas. 

Enlargement  of  storm  drains  and  road  culverts  is  recommended 
where  ponding  is  not  considered  appropriate.  Culvert  enlargement  is 
anticipated  at  Kamber  Road,  for  some  storm  drains  in  the  Woodridge  area, 
and  on  the  tributary  to  Mercer  Slough  that  drains  the  N.E.  8th  inter- 
change area. 

Streambank  protection  is  recommended  for  erodible  areas  in  the 
Somerset  area.  The  settling  pond  above  1-405  collects  eroded  material 
thereby  reducing  the  sedimentation  process  in  the  lower  basin  and  it 
provides  some  attenuation  of  flows. 

Cost 

The  estimated  cost  for  this  alternative  is  estimated  to  be  $700,000. 
PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10-year  peak  flows  with  existing 


C-14-5 


facilities  and  with  alternative  drainage  management  solutions  for 
the  year  2000. 


COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Location 

Existing 
Facilities  # 

A1 ternative 
Plan  I 

Alternative 
Plan  II 

Richards  Creek 

115 

1,090 

500 

below  Kamber  Rd. 

115 

1 ,090 

500 

Mouth  of  Kelsey 

Creek 

415 

1,730* 

430** 

Confluence  of 
Kelsey  Creek  & 
Richards  Creek 

. 

2,600 

775 

Mercer  Slough 

below  1-405 

4 

230 

2,850 

960 

Mouth  of  Mercer 

Slough 

210 

2,700 

830 

#Flows  limited  by  existing  system  capacity. 
*F1ow  based  upon  Kelsey  Creek  Alternative  I. 
’**Flow  based  upon  Kelsey  Creek  Alternative  II. 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  of  the  suggested  alternative  plans 
for  this  sub-basin.  This  procedure  was  followed  throughout  the  RIBCO 
Study  in  developing  alternative  plans  for  the  various  regional  sub- 
basins. The  inspections  were  based  on  the  alternative  evaluation  pro- 
cedure which  identified  34  unique  criteria  grouped  in  general  categories 
as  follows:  1)  Effectiveness,  2)  Human  Values,  3)  Environmental  Factors, 

4)  Implementation, and  5)  Resource  Requirements.  The  various  structural 
solutions  were  checked  against  the  appropriate  criteria  and  the  various 
non-structural  solutions .were  reviewed  for  their  relationship  to  existing 
and  probable  future  developments.  The  criteria  rating  total  for  Alter- 
native Plan  I,  which  employs  channelization,  streambank  protection  and 
enlarged  conduit,  was  a minus  35  on  a scale  ranging  from  positive  108  to 
negative  108.  The  total  evaluation  rating  for  Alternative  Plan  II, 
which  employs  runoff  control,  flood  plain  zoning,  storage  and  limited 
channelization,  was  a plus  54. 

Alternative  Plan  II  received  a positive  rating  for  storm  runoff 
control  effectiveness,  while  Alternative  Plan  I received  a negative 


rating  for  effectiveness.  The  basic  difference  in  this  category  was 
in  the  probable  consequences  of  overcharge  that  is  assumed  to  be  quite 
severe  under  Alternative  Plan  I.  Both  alternative  plans  received  posi- 
tive ratings  for  preservation  of  human  values,  but  Alternative  Plan  II 
was  clearly  superior  in  this  regard.  The  visual  quality  of  a natural 
stream  system  and  multiple  use  potential  were  the  primary  factors  in  its 
high  rating  in  this  category.  The  two  alternative  plans  received  widely 
divergent  scores  for  environmental  factors,  with  Alternative  Plan  II 
receiving  a high  positive  rating  and  Alternative  Plan  I receiving  a low 
negative  rating.  Alternative  Plan  II  clearly  enhances  water  quality 
and  groundwater  recharge  and  also  positively  affects  wildlife,  aquatic 
life  and  vegetation.  Alternative  Plan  I was  either  detrimental  or  in- 
effective in  these  areas.  Only  Alternative  Plan  II  received  a positive 
rating  for  implementation,  this  as  a result  of  the  general  public  accept- 
ance in  Bellevue  of  the  approach  to  drainage  management  which  utilizes 
a natural  stream  system  and  runoff  control.  Alternative  Plan  II  also 
received  a positive  rating  for  resource  requirements,  primarily  because 
of  the  insignificant  amount  of  materials  necessary  to  accomplish  this 
alternative,  and  because  of  the  multi-purpose  land  potentials.  Alter- 
native Plan  I received  a negative  rating  for  resource  requirements  as 
it  required  extensive  commitments  of  energy,  materials,  land  and 
capital . 


Alternative  Plan  II  contains  two  critical  elements.  They  are 
flood-plain  zoning  and  runoff  control.  This  treatment  combination,  if  it 
is  to  be  part  of  the  chosen  alternative,  should  be  implemented  as  an 
early  effort.  Any  additional  portion  of  the  sub-basin  that  develops 
without  these  combined  controls  will  require  more  structural  treatment 
than  Alternative  Plan  II  can  accommodate.  This  issue  should  be  brought 
to  the  attention  of  all  citizens  and  their  local  agencies.  There  also 
are  sacrifices  involved  with  Alternative  Plan  II  which  requires  that 
certain  areas  be  flood-plain  zoned.  The  areas  so  designated  would  be 
effectively  removed  from  any  future  intensive  land  uses  typical  of 
urbanized  areas. 

Alternative  Plan  II  is  believed  to  be  one  example  of  a drainage 
management  system  that  is  consistent  with  the  stated  goals  of  the 
Bellevue  Drainage  Utility. 

CONCLUSIONS 


Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I, 
but  immediate  action  would  be  required  to  protect  and  preserve  the 
natural  stream  system.  As  pointed  out  above,  this  action  would  require 
runoff  control  for  all  future  development  as  well  as  the  designation  of 
a flood  plain  within  the  sub-basin. 

The  City  of  Bellevue  and  King  County  should  establish  an  effec- 
tive agreement  for  development  of  a master  drainage  plan,  that  incorpor- 
ates the  provisions  of  Alternative  Plan  II.  Both  agencies  should  then 
move  to  implement  and  enforce  the  required  runoff  and  flood-plain  zoning 


within  their  own  jurisdictions. 


The  basic  issue  is  which  local  agency  or  agencies  will  have 
jurisdiction  and  responsibility  for  control  of  urban  drainage  and 
related  flood-damage  problems.  There  also  is  the  issue  of  the  use  or 
extent  of  use  of  land-use  zoning  control  by  and  between  King  County  and 
the  City  of  Bellevue.  In  any  case,  the  City  of  Bellevue  should  have 
responsibility  for  control  of  drainage  in  the  Mercer  Slough  Sub-Basin, 
and  that  the  City  and  County  should  have  control  of  zoning,  including 
flood-plain  zoning,  within  their  respective  boundaries. 
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RUNOFF  QUALITY  SUMMARY 
MERCER  SLOUGH 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  tnl. 


EVALUATION  MATRIX  SLOUGH 
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HIBCO  URBAN  HUNOFf  AND  BASIN  DHAlNAGl  STUDY 
p ^ ‘ „ Suh  B..MH  fiercer  Slough 


X1SHN( 

» FACIUTIES 

EltMf Nt 
NUMBER 

TYPt 

PiPt  DIAME  TEH 
OR  CHANNEl 

bottom  width 

LENGTH 

CHANNE 1 
SIDE  SLOPES 
(Hoi  1/  VeM  ) 

MAX 

DEPTH  OE 
CHANNEL 

PROPOSED  EACIUTIES 

f YPE 

ESTIMATED 
CAPITAL  COST 

I’aral  lei 
Pipe 

18" 

$21,000 

Parallel 

Pipe 

13" 

$45,000 

Channel 

Clean  channel 
Streambank  protection 

$13,000 

Replace- 
ment 
Cul  vert 

43"  smootn 

$13,000 

Pa  ra  1 1 e 1 
Pipe 

24" 

5105,000 

Channel 

5'  .yidt.'i 
2'  deptn 
1:1  side  slopes 
Streantiank  protection 

$28,000 

Paral  lei 
Pipe 



$28,000 

1 

Replace- 

ment 

Culvert 

6'  X 3' 

$27,000 

Channel 

..  _| 

10'  uidtii 
4'  depl.i 

.5:1  side  slopes 
btreamliatik  protection 

$20,000 

■ 

Replace- 
ment 
Cul  vert 

60" 

$22,000 

Replace- 

ment 

Culvert 

54" 

$15,000 

Channel 

25'  widt.i 
3'  deptn 
2:1  side  si  opes 
Streantjank  protection 

$63,000 

Replace- 

ment 

Culvert 

12'  X 3' 

$42,000 

iv  widt.i 

4'  rtept.i 

1:1  side  si  opes 

Strean4)»nk  protection 


Replace-  30'  « 5' 

meet 

Culvert 


$85,000 


1 

Channel 

70'  width 
4'  deptn 

$56,000 

1:1  side  si  opes 
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Ri8cu  UHbAN  HUNUhh  ANU  ttASiN  DHAINAGt  SlUUV 
. I Sub  8«.n  Mercer  Slough 


EXISTING  EACILITIE 


PROPOSED  FACILITIES 


13 

Pipe 

30" 

10 

Pipe 

18" 

Replace-  i 35'  x 4‘ 

merit  i 

Culvert 


Pa  ra 1 1 e 1 
Culvert 


Paral lei 
Pipe 


Pa  ra 1 1 e 1 
Pipe 


Parallel 

Pipe 


45'  width 

6'  depth 

1:1  side  slopes 

65'  width 

7'  depth 

2:1  side  slopes 


50'  width 
8.5'  depth 
1:1  side  slopes 

16'  X 10' 


80'  width 

o'  depth 

1:1  side  slopes 


8'  width 
3'  depth 
2:1  side  slopes 
Streambank  protectior 


3'  width  I 
3'  depth  I 
2:1  side  slopes  1 
Streambank  protectio  ' 


42“ 


ESTIMATED 
CAPITAL  COST 


$115,000 


$100,000 


40'  width 

3'  depth 

1:1  side  slopes 

120'  width 

3'  depth 

1:1  side  slopes 


170'  width 

3'  depth 

1:1  side  si  opes 


$83,000 


$12,000 


$480,000 


$49,000 


$89,000 


$82,000 


$42,000 


$92,000 


$29,000 


$134,000 


$143,000 


$557,000 


Replace-  24" 

ment 

Pipe 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUOY 
Aiicf tidtive  ! Suh  RaMn  fiercer  Slouqh 


1 XISTINC 

j FACUITIFS 

PFTOPOSFU  F ACM  ITIF  S 

U 1 MTNT 
NUMRl  R 

TVPT 

PiPt  niAMTUH 
OR  CHANM  L 
BOTTOM  width 

UNCjTH 

CHANNt  1 
SiDf  SLOPES 

(Mom/  Vpri  ) 

MAX 

Dl PTH  OF 
CHANNE 1 

TYPE 

ESTIMATED 
CAPITAL  COST 

9 

Pipe 

30" 

Parallel 

Pipe 

24" 

JU..300 

7 

Lnannel 

bO' 

. .. 

900' 

1:1 

3' 

. 

Channel 

630'  width 

3'  depth 

1:1  side  si  opes 

5389,030 

6 

Pipe 

18” 



1,500' 





Replace- 

ment 

Pipe 

■ ' 

74" 

$63,000 

3 

Channel 

50' 



1,800' 

1:1 

3' 

Channel  1 

; 3'  cleptn 
1.1  si«3e  slopes 
1 Land  cost  not  included 

$720,000 

1 

Channel 

30' 



1,600' 

1:1 

3' 

Cnanne 1 

o5I'  widtii 

3'  deitri 

1:1  side  slopes 

land  cost  not  included 

$660,000 

Channel 



20' 



1,400' 

1:1 



3' 

Channel 

vi50'  width 
3'  depth 
1 : 1 side  slopes 
Land  cost  not  included 

$588,000 

43 

Channel 

4‘ 

1 

1,000' 

0 

2' 

Channel 

4’  v/idth 
4'  depth 
1:1  side  slopes 
Streaoibank  protection 

$37,000 

07 

CnanneT 

3' 

2,300' 

2:1 

3* 

Channel 

Streambank  protection 

$77,000 

61 

Channel 

J 

^ 4'  ^ 

L . - . - 

3,600' 

1:1 

3' 

Channel 

StreamOank  protection 

$76,000 

53 

Channel 

10' 

1,800' 

1:1 

3.5' 

Channel 

Streambank  protection 

$45,000 

58 

Channel 

r 

L . 

2,500' 

1:1 

3.5' 

Cnannel 

Streambank  protection 

$62 ,000 

57 

Channel 



1,000' 

1:1 

2' 

Channel 

Streambank  protection 

$25,000 

54 

Channel 

20' 

3,500' 

1:1 

2' 

Channel 

Streambank  protection 

$53,000 

715 

Channel 

6' 

5:1 

3' 

Channel 

Streambank  protection 

$10,000 

12 

3' 

900* 

1:1 

■ 

Channel 

streambank  protection 

$19,000 

■ 

Channel 

3' 

603' 

1:1 

■ 

Channel 

Streambank  protection 

$13,000 

1 

1 

The  f tlirrwted  C«pital  Co»l  for  elenrent  irKlurtm  Contractor  profit 
m<|ir>cKving.  I«i)al  aruf  contmgpnrm  In  additK>n,  larxl  porchaw  and 
M'varanr.e  cmtt  ara  tncluded  wherp  land  ii  required  All  costs  are  liased 
iiprm  June  1973  prices 


Total  Fstinrated  Capital  Cost  iS,6l6,000 
Round  To  $5t600|000 


C-U-13 


RIBCO  UHBAN  HUNOff  AND  BASIN  OHAINAGfc  STUDY 
Ailefndlive Li Sul)  Basin  Me  TCP  r Slough 


tXiSTINCi  FACILITIFS 


CHANNEL  I MAX 
SIDE  SLOPES  ! DEPTH  OF 


^^6  I Cndnnel 


44 

' Channel 

36 

1 

1 

1 

Channel 

500'  I .75:1 


1,100'  0 


■■■■ 


PROPOSED  FACILITIES 

1 

TYPE 

estimated 

CAPITAL  COST 

Parallel 

Pipe 

12" 

$14,000 

Mood  plain  tone 

-0- 

Channe} 

12'  width 
3'  depth 
1:1  si de  slopes 
Streambank  protection 

$52,000 

Replace- 
ment 
Cul  vert 

7'  X 3' 

$29,000 

Flood  plain  zone 

-0- 

Parallel 

Pipe 

18" 

$75,000 

Channel 

Cleaning 

Streambank  protection 

$21 ,000 

Flood  plain  zone 

-0* 

1 

— 
Flood  plain  zone 

-0- 

Replace- 

nent 

Culvert 

18'  X 5' 

$34,000 

Flood  plain  zone 

-0- 

223  Channel  3 


19  Channel  40'  1.000'  1:1  3 


15C  Channel  50'  2,600'  1:1  3 
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HIBCO  UHHAN  HIINOK  AND  BASIN  DHAINAGI  SUmv 


I 

.4 


— f 

F XISTIN( 

. f ACU  IlifS 

PHOPOSt  0 f ACU  1 rif  s 

UfrMtNr 
NUMBf  H 

TYPf 

.-  ..I 

PIPF  OIAMFTFH 
OR  CHANNtl 
BOTTOW  WIOTM 

1 E N(,T  M 

CHANNE 1 
Slot  SlOPfS 
tHiif./  Vfft  1 

MAX 

U[  PFM  Ot 
CHANNE 1 

1— __ 

TYPE 

FSTIMATEU 
CAPlIAl  COST 

7 

Channel 

50" 

9 JO’ 

. 

1:1 

3' 

Flood  plain  zone 

-0- 

1 

3 

Channel 

50' 

1.800* 

1:1 

3' 

Flood  plain  ione 

-0- 

Channel 

1,600' 

u 

1:1 

3' 

Flood  plain  zone 

-0- 

> 

Channel 

20' 

1,400' 

1:1 

3' 

Flood  plain  zone 

-0- 

10 

Pipe 

18" 

800' 

Parallel 

Pipe 

15" 

S20,000 

232 

Channe 1 

50* 

1,700' 

1:1 

3' 

Flood  plain  zone 

-0- 

■ 

Channel 

3' 

2,300' 

2:1 

1:1 

3' 

Channel 

Streambank  protection 

$77,000 

■ 

Channel 

4' 

3,600' 

3' 

Channel 

Streambank  protection 

$76,000 

59 

Channel 

10' 

1,800' 

1:1 

1 

3.5' 

Channel 

Streamhank  protection 

$45,000 

58 

Channel 

r 

^ . . .... 

2,500' 

^ l:C 

3.5' 

Channel 

Streambank  protection 

$62,000 

57 

Channel 

1 . 

r 

1,000' 

2' 

Channel 

Streambank  protection 

. 

$25,000 

54 

Channel 

20* 

3,300' 

^ 1:1 

2' 

Channel 

Streambank  protection 

$53,000 

215 

Channel 

L .... 

6- 

600' 

.5:1 

3' 

Channel 

Streambank  protection 

$10,000 

213 

Channel 

L 

6* 

600' 

1:1 

3' 

Channel 

Streambank  protection 

$13,000 

3* 

900' 

1:1 

■ 

Channel 

Streambank  protection 

$19,000 

■ 

3’ 

600' 

1:1 

■ 

Channel 

Streambank  protection 

$13,000 

■ 

1 

fh*  I stirrt^r^  Cmi  ft«  «#rh  Hwmwil  ini  lurl«t  Conlr^'lOf  profit 

fn()Mtrrf  irM|.  jrKt  tontirKfPfK  t«4  In  «tkfition.  l«rKl  pun  h«tf  4<u1 
wnrM^nrr  («nt%  4tP  roclud»d  whrr^  l«rwj  ii  riH|4iimf  AM  rmt$  arr  iMifHf 
upTHt  Atrw  19/')  priTM 


lolal  C slmidtcd  Capital  Cost  $726  000 

Routx)  To  $700*000 
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REGIONAL  SUB-BASIN  C-15 


COAL  CREEK 


GENERAL  DESCRIPTION 


The  Coal  Creek  Sub-Basin  is  located  south  of  Interstate  Highway 
90  in  an  urbanizing  area  south-easterly  of  Mercer  Island,  across  the 
east  channel  of  Lake  Washington.  It  lies  generally  in  a southeast/ 
northwest  orientation  with  Coal  Creek  flowing  north  and  west  to  its 
point  of  discharge  at  Newport  Shores  on  Lake  Washington.  The  City  of 
Bellevue  has  jurisdiction  over  approximately  10%  of  the  sub-basin  and 
King  County  has  the  remainder. 

The  sub-basin  is  characterized  by  three,  distinct  land-form 
types,  those  being:  1)  the  steep  hill  and  ravine  areas  of  the  upper  sub- 
basin that  make  up  approximately  two-thirds  of  the  total  land  area,  2) 
the  moderate  midlands  of  the  Newport  Hills/Lake  Boren  area  in  the  south- 
west portion  of  the  sub-basin,  and  3)  the  flat  delta  area  of  Newport 
Shores  at  Lake  Washington.  Total  elevation  change  in  the  sub-basin  is 
from  1600  feet  to  the  15  foot  level  of  Lake  Washington,  over  a distance 
of  approximately  six  miles. 

The  principal  stream  in  the  sub-basin  is  Coal  Creek,  so  named 
because  of  early-day  coal  mining  operations  in  the  area.  It  is  approxi- 
mately six  miles  long  and  has  several  unnamed  tributaries. 

Streams  Category  Drainage  Area  Discharge 

Coal  Creek  III  7.2  sq.  mi.  Lake  Washington 

(Newport  Shores) 

As  of  1972,  68%  of  the  sub-basin  consisted  of  vacant,  uncleared, 
second-growth  stands  of  timber  and  a major  regional  park  along  the 
stream-course.  Some  single-family  housing  exists  in  the  Newport  Shores 
and  Newport  Hills  areas  in  the  western  portion  of  the  sub-basin.  Due  to 
relatively  severe  topography,  most  of  the  Coal  Creek  Sub-Basin  has 
remained  unurbanized.  Interstate  405  traverses  the  sub-basin  at  the 
western  extremity  and  a small  industrial  development  exists  north  of 
Lake  Boren. 


4 
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PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land 

Existing 

P.S.G.C.  Land 

Use  Proje^ 

Use 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 
Multiple  Family 

15 

67 

75 

Commercial /Services 

1 

1 

Government  and  Education 

5 

3 

Industrial 

2 

2 

Parks/Dedicated  Open  Space 

12 

10 

10 

Agriculture 

Airports,  Railyards, 
Freeways,  Highways 

5 

5 

4 

Unused  Land 
Water 

68 

10 

5 

Total 

100 

100 

100 

Total  Impervious  Area 

5 

25 

30 

Future  developmental  trends,  as  projected  by  the  PSGC  year  2000 
Comprehensive  Plan,  Indicate  that  low-density  residential  development  and 
attendant  educational  facilities  will  exist  throughout  most  of  the  sub- 
basin, and  that  some  area  along  the  creek  will  remain  as  open  space  and 
agricultural  acreage.  This  plan  also  envisions  modest  increases  in 
industrial  and  commercial  land  use.  This  same  general  picture  also  is 
projected  in  the  year  2000  Corridor  Plan  except  that  additional  land 
along  Coal  Creek  would  be  reserved  as  open  space.  Realization  of  either 
of  these  plans  without  additional  control  of  development  will  severely 
impact  Coal  Creek  by  the  additional  runoff. 

An  attempt  was  made  by  the  City  of  Seattle  in  1971  to  locate  a 
solid-waste  disposal  site  in  the  Coal  Creek  Sub-Basin.  As  a result  of 
citizen  objection  to  the  proposal,  as  expressed  at  public  hearings,  a 
final  decision  regarding  the  proposal  has  been  postponed  until  conclus- 
ions of  the  RIBCO  Solid  Waste  Management  Study  can  be  taken  Into  con- 
sideration. No  other  major  land-use  changes  are  under  consideration  at 
this  time. 
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NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


Coal  Creek  is  the  existing  drainage  system  for  runoff  in  the 
sub-basin.  The  stream  and  its  tributaries  are  fed  in  the  developed 
areas  by  storm  drains.  A major  trunk  drain  system  in  Newport  Hills 
discharges  into  a tributary  that  joins  Coal  Creek  in  the  vicinity  of 
Interstate  405.  Coal  Creek,  in  its  existing  condition,  supports  the 
highest  known  level  of  aquatic  fauna  native  to  this  region,  including 
cutthroat  trout  and  coho  salmon.  Because  much  of  the  stream  course 
is  undeveloped  or  publicly  owned,  it  has  a high  potential  as  an  urban 
greenway  and  recreational  area. 

DRAINAGE  PROBLEMS 

Major  problems  in  the  Coal  Creek  area  consist  primarily  of  sedi- 
mentation and  erosion.  This  fact  can  be  attributed  to  the  unusually 
steep  natural  channel  slope  of  Coal  Creek  that  averages  3%.  Fortunately, 
development  consisting  primarily  of  single-family  residential  use  is 
located  only  in  the  far  western  area  of  the  sub-basin  (community  of 
Newport  Hills).  Little  development  exists  directly  adjacent  to  the 
natural  creek  or  in  the  upstream  areas  of  the  watershed. 

As  described  in  the  table  of  existing  and  projected  land  uses, 
a significant  increase  in  impervious  area  is  projected  for  the  Coal 
Creek  sub-basin  which  is  now  a largely  undeveloped  woodland  area.  De- 
velopment is  expected  to  increase  from  an  existing  5%  to  25-3D%  imper- 
vious land  surface  in  the  year  2000. 

The  results  of  hydrologic  analyses  indicate  no  significant 
difference  between  the  Comprehensive  and  Corridor  Plans,  therefore,  the 
drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

No  computer  modeling  was  done  for  existing  flows  along  the 
stream,  and  it  was  therefore  necessary  to  formulate  plans  based  upon  pro- 
jected problems  with  existing  facilities  being  used  under  future  land- 
use  conditions. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


Coal  Creek  has  been  the  focus  of  study  by  the  City  of  Bellevue 
for  inclusion  as  a natural  element  in  that  City’s  newly  created  drain- 
age utility  system.  Once  the  drainage  utility  becomes  fully  operation- 
al, it  will  charge  users  of  the  system  on  the  basis  of  their  contribution 
to  the  runoff  problem  as  measured  by  area  of  impervious  surface.  Because 
Coal  Creek  lies  within  more  than  one  jurisdiction,  the  City  of  Bellevue 
will  need  to  enter  into  an  inter-governmental  agreement  with  King  County 
to  assure  that  the  County  is  aiding  in  the  control  of  runoff  within  its 
jurisdiction. 
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King  County  has  a continuing  program  for  acquiring  land  along 
the  upper  reaches  of  the  stream  for  park  purposes.  This  program  should 
have  a positive  effect  upon  drainage  management  in  that  it  should  pro- 
tect the  upper  reaches  from  encroachment  by  man-made  structures. 

King  County  Public  Works  Department,  Hydraulics  Division,  and 
Bellevue  Public  Works  staff  representatives  were  involved  in  review 
during  preparation  of  the  two  alternative  runoff -control  systems  described 
below. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  Coal  Creek  Sub-Basin  as  described 
by  local  agencies  was  evaluated  by  computer  simulation  applying  the 
region's  10-year  storm  to  P.S.G.C.  year  2000  land  use.  Drainage  prob- 
lems thus  identified  were  analyzed  and  possible  solutions  provided  in 
development  of  alternative  plans  for  drainage  control  as  described  herein. 

ALTERNATIVE  PLAN  I 


General  Concept 

This  concept  only  makes  use  of  three  general  types  of  improve- 
ments; a major  trunkline,  a concrete-lined  channel,  and  enlarged  (or 
parallel)  pipelines  placed  in  already  developed  areas. 

Major  Features 

From  computer  model  results,  using  the  year  2000  land  use,  it 
was  found  that  major  Coal  Creek  flooding  occured  where  Coal  Creek  and 
the  furthest  upstream  tributary  that  originated  in  Newport  Hills  meet. 
To  alleviate  flooding  in  the  main  stem  of  Coal  Creek,  a major  trunkline 
would  divert  water  from  Coal  Creek  at  this  junction  for  discharge 
directly  into  Lake  Washington.  The  trunk  parallels  the  creek  along  the 
hillside  for  a short  distance  until  intersecting  Coal  Creek  Parkway 
and  then  parallels  a road  leading  toward  Lake  Washington. 

In  the  Newport  Hills  area,  the  existing  drainage  system  would 
be  supplemented  with  parallel  pipelines.  This  also  would  be  done  for 
the  developed  area  east  of  Newport  High  School . 

In  the  downstream  reach  of  Coal  Creek,  where  the  existing 
channel  is  naturally  lined  with  grass,  the  sides  and  bottom  would  be 
lined  with  concrete  so  that  the  additional  flow  from  future  development 
could  be  accommodated  without  further  excavating  the  channel. 

Cost 

The  cost  for  this  alternative  is  estimated  to  be  $2,100,000. 
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ALTERNATIVE  PLAN  II 


General  Concept 

This  alternative  would  be  identical  to  Alternative  Plan  I with 
two  major  exceptions.  First,  there  would  be  no  major  trunklines,  and 
second,  there  would  be  runoff  control . 

Major  Features 

The  most  significant  feature  of  this  alternative  is  that  of 
runoff  control.  Essentially,  development  is  structured  in  the  area  so 
that  runoff  from  property  is  limited  to  approximately  the  same  runoff 
that  would  occur  under  present  conditions.  King  County  has  a storm- 
drainage  policy  for  plats  and  PUD’S  that  states,  "...  drainage  plans  shall 
provide  storm-water  retention  facilities  so  that  peak  discharge  from 
the  site  will  not  be  increased  by  more  than  25%  due  to  the  proposed 
development ." 

Even  with  this  runoff  control,  an  increase  in  existing  pipeline 
capacity  in  the  Newport  Hills  area  and  the  lining  of  the  downstream 
Coal  Creek  channel  would  be  required  to  prevent  flooding. 

Cost 


The  cost  for  this  alternative  is  estimated  to  be  $700,000. 

PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  under  alternative  drainage  management  solutions  for  the 
year  2000. 


f ; 


I 


i 


! 


COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Location 

Existing 

Facilities 

A1 ternative 
Plan  I 

Al ternative 
Plan  II 

End  of  170th  Avenue 

120 

120 

50 

Crossing  of  Newcastle  Rd. 

330 

350 

160 

142nd  Avenue  South 

710 

750 

300 

Newport  Hills  School 

740 

750 

380 

1-405 

560 

820 

440 

Mouth 

530 

920 

530 
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ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


As  part  of  the  process  of  developing  system  proposals  for  the 
various  regional  sub-basins  in  the  RIBCO  study,  field  inspections  were 
made  in  each  sub-basin  for  the  purpose  of  evaluating  suggested  alterna- 
tives. The  inspections  were  made  based  on  the  alternative  evaluation 
procedure  which  identified  34  unique  criteria  under  the  general  cate- 
gories of  1)  Effectiveness,  2)  Human  Values,  3)  Environmental  Factors, 

4)  Implementation,  and  5)  Resource  Requirements.  In  addition,  projected 
land  use  was  reviewed  and  considered  for  compatabil ity  with  the  proposed 
systems.  As  applied  to  Coal  Creek,  the  rating  total  for  Alternative  Plan 
I was  a plus  16  on  a scale  ranging  from  plus  108  to  negative  108.  The 
overall  rating  of  Alternative  Plan  II,  which  employed  runoff  control 
and  stream  protection  in  the  lower  reaches,  was  a plus  63.  Both  alter- 
natives allow  the  stream  to  remain  in  its  natural  condition  except  at 
the  lower  end  where  it  goes  through  the  delta  lands  of  Newport  Shores. 

Both  alternatives  are  judged  adequate  in  terms  of  effectiveness 
and  both  provide  approximately  the  same  level  of  human  values.  It  is 
believed  that  the  environmental  effects  of  Alternative  I upon  the  natural 
systems  would  be  most  detrimental  because  it  does  not  provide  land  use  or 
runoff  controls.  Both  alternatives  should  provide  adequate  fish  habitats. 
Implementation  of  Alternative  Plan  I might  be  more  difficult,  and  much 
more  costly,  and  would  need  greater  cooperation  between  jurisdictions 
for  construction  of  the  major  diversion  trunk  system.  Resource  require- 
ments of  both  alternatives  are  comparatively  small  and  have  not  influ- 
enced the  overall  rating  dramatically. 

There  are  three  critical  problem  areas  within  the  Coal  Creek 
Sub-Basin.  Two  of  the  three  need  corrective  measures  regardless  of  the 
alternatives  selected.  They  are:  the  natural  stream  below  Newport 

Hills  and  the  delta  area  of  Coal  Creek  itself.  The  third  critical 
area  is  the  major  portion  of  Coal  Creek  that  runs  through  the  upland 
streamway.  It  is  generally  believed  that  this  area,  either  because  of 
prior  acquisition  for  park  development  or  steep  slopes  directly  adjacent 
to  the  stream,  will  be  protected  from  damage  resulting  from  encroachment. 

CONCLUSIONS 


Alternative  Plan  II  is  judged  to  be  more  effective  in  the  overall 
management  of  storm  drainage.  It  accomplishes  whatever  groundwater 
recharge  is  possible  in  this  sub-basin  as  well  as  protecting  water  quali- 
ty and  does  both  with  significantly  less  capital  expense  than  would  be 
necessary  to  implement  Alternative  Plan  I.  Alternative  Plan  II  does 
require  fairly  immediate  action,  however.  The  more  development  that  is 
alio. 'd  to  occur  without  adequate  runoff  controls,  the  more  aggravated 
the  ptoblems  become.  Because  of  the  steep  terrain  and  natural  character- 
istics of  the  existing  stream,  both  alternatives  could  be  better  judged 
if  development  patterns,  as  projected  by  existing  land  use  plans  and 
zoning  were  critically  re-examined.  Alternative  Plan  II  also  is  con- 
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sidered  to  be  consistent  with  the  goals  of  the  Bellevue  Drainage  Utility. 
Because  of  the  extent  of  the  sub-basin  that  lies  within  King  County 
jurisdiction,  that  agency  should  have  the  lead  role. 
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RIBCC  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


k-  ■ - 

EXISTINC 

i FACILITIES 

PROPOSED  f ACU  iTieS 

ELEMENT 

NUMBER 

1 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

length 

CHANNEL 
SIDE  SLOPES 
IHofi/  Ven  1 

MAX 

DEPTH  Of 
CHANNEL 

TYPE  I 

ESTIMATED 
CAPITAL  COST 

1 Chinne)  20'  2,500M  1.5:1 


3 I Channel 

1. 

4 i Culvert 


300M  1.5:1 


1 

36  1 

i ♦ 

Pipe 

36“ 

300’ 

Channel  | 

i 

1 

Line  existing  channel 
with  concrete 

$202,000 

Channel 

Line  existing  channel 
with  concrete 

$24,000 

Parallel 

Pipe 

56" 

$41 ,000 

Parallel 

24“ 

$14,000 

Paral lei 

24“ 

$19,000 

Pipe 

Parallel 

24“ 

$52 ,000 

Pipe 

Paral lei 

24" 

$75,000 

Pipe 

Parallel 

24“ 

$42,000 

Pipe 

Parallel 

24“ 

1 $38,000 

Pipe 

1 

Paral lei 

24“ 

i 

1 $75,000 

Pipe 

Parallel 

36" 

$33,000 

Pipe 

Parallel 

24“ 

$71,000 

Pipe 

Pipe 

84“ 

$724,000 

4,000' 

Pipe 

60“ 

$720,000 

6,000' 

1 

Thv  Eslim«te<j  Cvpilal  Cmf  tof  mcty  vlvmtnt  includM  '.:on1ractor  profil. 
vneinwinq.  laqal  <nU  continemm  In  addilion.  land  purchala  and 
wnianca  corn  arc  mcludad  whara  land  n raquitad  All  cottl  ata  Ixaiad 
upon  Tuna  1973  pfKat 


Total  Esitmalad  Capital  Cost  $2tl37,000 
Round  To  $2,100,000 


aH^MI 


janrriTa 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 
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REGIONAL  SUB-BASIN  C-17 


LAKE  WASHINGTON  EAST 


GENERAL  DESCRIPTION 


The  Lake  Washington  East  Sub-Basin  consists  of  Mercer  Island 
and  those  areas  along  the  east  and  south  shores  of  the  lake  that  drain 
directly  to  the  lake  without  forming  major  rivers  or  creeks.  The  sub- 
basin is  replete  with  smaller  streams  that  can  cause  serious  drainage 
problems  as  urbanization  takes  place. 

Three  of  the  more  salient  hydrologic  features  of  the  sub-basin 
are  Yarrow  Slough  between  Kirkland  and  Yarrow  Point,  Juanita  Slough 
north  of  Kirkland,  and  Luther  Burbank  Park  on  the  north  end  of  Mercer 
Island.  These  areas  comprise  the  only  major  marshes  remaining  along 
the  shores  of  Lake  Washington.  As  the  sub-basin  was  developed,  much  of 
the  lakeshore  marsh  land  was  filled  and  built  upon. 

Present  development  in  the  sub-basin  varies  from  rural,  natural 
areas  in  Kirkland  and  Bellevue  to  the  industrial  sections  of  Renton. 

The  largest  single  land  use  in  the  sub-basin  is  residential . Much  of 
the  island  and  east  shore  areas  are  prime  residential  suburbs  for 
Seattle  commuters. 


Land 

Use 


PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 

P.S.G.C.  Land  Use  Projection 


Existing 

(1970-72) 

78 

1 


Single  Family 

Multiple  Family 

Commercial/Services  3 

Govt,  and  Educ.  1 

Industrial  1 

Parks/Dedicated  Open  Space  5 

Agricul ture 

Airports,  Railyards, 

Freeways,  Highways  1 

Unused  Land  10 


Comprehensive 

73 

5 

5 

1 

5 

5 

1 

5 


Corridor 

74 

4 

5 
1 
5 
5 

1 

5 
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Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Use 

Water 

(1970-72) 

Comprehensive 

Corridor 

Total 

100 

100 

100 

Total  Impervious  Area 

25 

35 

35 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


Drainage  facilities  in  the  sub-basin  vary  substantially,  but 
generally  consists  of  conventional  storm-drainage  systems  in  developed 
areas  that  drain  to  small  streams  or  directly  to  Lake  Washington.  In 
the  unincorporated  portions  of  the  sub-basin,  storm  drainage  is  conveyed 
mainly  by  roadside  ditches  and  natural  watercourses;  few  storm-drain 
systems  have  been  installed. 

Kirkland  has  a fairly  extensive  storm-drain  system  with  few 
remaining  streams.  The  communities  of  Yarrow  Point,  Clyde  Hills,  Hunts 
I'  Point  and  Medina  all  have  storm-drain  systems  with  varying  proportions 

of  roadside  ditches.  Detention  ponds  are  used  for  runoff  control  in 
Medina.  The  portions  of  Bellevue  and  Renton  in  the  sub-basin  and  Beaux 
Arts  have  drainage  systems  that  utilize  mainly  roadside  ditches  and 
culverts.  Storm  water  on  Mercer  Island  is  conveyed  in  closed  conduits 
through  most  developed  upland  areas,  but  roadside  ditches  are  used 
significantly,  and  most  storm  runoff  enters  Lake  Washington  through 
natural  creeks  and  streams. 

The  streams  that  still  exist  in  the  sub-basin  generally  were 
assets  that  attracted  original  development,  but  they  are  now  subject 
to  flooding,  erosion  and  siltation  problems  as  runoff  rates  from  upland 
areas  increase  with  development. 

DRAINAGE  PROBLEMS 

Because  this  sub-basin  is  composed  of  many  discrete  sub-areas, 
drainage  problems  and  their  solutions  can  be  approached  on  an  indivi- 
dual basis  and  closely  tied  planning  is  not  as  important  as  in  other 
sub-basins  in  the  RIBCO  Study  Area. 

Major  drainage  problems  in  the  sub-basin  can  be  divided  into 
six  different  areas:  Forbes  Lake/Juanita  Slough,  downtown  Kirkland, 

Yarrow  Slough,  Mercer  Island,  northeast  Renton,  and  north  Bellevue. 

There  are  many  additional  minor  drainage  problems  in  the  sub-basin,  but 
they  are  solvable  by  improved  maintenance  or  local  improvements. 

The  creek  connecting  Forbes  Lake  to  Juanita  Slough  has  experi- 
enced significant  flooding  and  erosion  problems  because  of  development 
adjacent  to  the  creek  and  increased  flow  rates  brought  about  by  up- 
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stream  urbanization.  More  industrial  development  is  planned  along  the 
creek  and  drainage  problems  will  worsen  without  effective  planning. 

In  addition  to  flooding  of  structures  and  aesthetic  effects  of  erosion, 
increased  runoff  rates  also  can  harm  wildlife  in  the  slough. 

Most  runoff  in  downtown  Kirkland  is  conveyed  by  closed  conduit 
systems.  The  major  system  along  Central  Way  has  experienced  some  sur- 
charging since  the  construction  of  Interstate  405,  and  with  more  indus- 
trial and  multi -family  residential  development  planned  for  the  area, 
flooding  conditions  will  worsen. 

The  stream  entering  Yarrow  Slough  from  the  east  will  be  subject 
to  increased  flooding  and  erosion  if  the  sub-basins  continue  to  develop 
as  planned  (multi-family  residential  and  industrial).  If  the  stream 
capacity  is  increased  to  carry  higher  runoff  rates,  the  effects  upon  the 
lower  portions  through  Yarrow  Slough  will  be  detrimental  to  wildlife 
habitat. 


Drainage  problems  on  Mercer  Island  have  been  recognized  by  the 
City  for  several  years  and  a detailed  comprehensive  plan  has  been  pre- 
pared. Generally,  the  problems  consist  of  erosion  and  flooding  along 
the  numerous  streams  entering  Lake  Washington.  These  problems  usually 
have  been  the  result  of  increased  runoff  rates  brought  about  by  exten- 
sive upland  development.  Those  problems  shown  on  the  problem  area  map 
include  some  of  the  more  major  problems  on  the  Island. 

Drainage  problems  in  northeast  Renton  are  mainly  the  result  of 
extensive  sub-basin  development  and  an  undersize  storm  drain  system. 

In  addition,  there  are  several  storm  drains  in  north  Bellevue 
which  will  experience  surcharge  and  natural  watercourses  downstream 
that  will  not  carry  increased  flows  adequately. 

Both  the  2000  Comprehensive  and  Corridor  land  use  plans  indi- 
cate a further  urbanization  of  the  Lake  Washington  East  sub-basin. 
Existing  drainage  problems  will  become  severe  because  of  increases  in 
impervious  areas  and  faster  runoff.  The  total  impervious  area  in  this 
sub-basin  with  either  land  use  projection  will  increase  from  the  exist- 
ing 25%  level  to  approximately  35%  as  shown  by  the  table  of  projected 
land  uses. 

The  results  of  hydrologic  analysis  indicate  no  significant 
difference  between  the  Comprehensive  and  Corridor  Plans.  Therefore, 
the  drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


No  sub-basin-wide  storm-water  management  planning  has  been  com- 
pleted. Individual  jurisdictions  have  prepared  extensive  drainage 
plans.  Mercer  Island  recently  completed  revisions  to  its  comprehensive 


drainage  plan  that  include  provisions  for  runoff  control,  stream  pre- 
servation and  mitigation  of  flooding  problems.  Bellevue  is  in  the 
process  of  comprehensive  storm-water  management  planning. 

There  has  been  increasing  citizen  interest  in  stream  preserva- 
tion in  several  portions  of  this  sub-basin.  A citizen's  group  has 
expressed  interest  in  preserving  Juanita  Slough  and  Bellevue  and  Mercer 
Island  citizens  have  indicated  similar  interest  in  many  of  the  smaller 
streams  there. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  Lake  Washington  East  Sub- 
Basin  as  described  by  local  agencies,  was  evaluated  by  computer  simu- 
lation that  applied  the  region's  10-year  storm  to  the  year  2000  land 
use.  Drainage  problems  thus  identified  were  analyzed  and  possible 
solutions  were  provided  in  development  of  alternative  plans  for 
drainage  control  as  described  below. 

Two  major  alternative  plans  were  developed  to  provide  solu- 
tions to  the  Lake  Washington  East  drainage  problems.  The  first  con- 
sists of  enlarging  streams  and  conduits  and  providing  diversions,  and 
the  second  controls  runoff  rates  and  provides  flood-plain  zoning  in 
addition  to  enlarging  conduits  and  providing  diversions.  The  descrip- 
tion of  these  alternative  plans  follows. 

ALTERNATIVE  PLAN  I 


♦ 


General  Concept 

This  alternative  consists  of  more  structural  or  conventional 
approach  to  the  problems  of  the  sub-basin.  No  attempt  is  made  to  control 
runoff  rates;  instead,  undersized  systems  are  enlarged  or  flow  is 
diverted  to  other  conduits  or  channels. 

Major  Features 


The  major  features  of  this  alternative  are  channel  enlargements 
and  bank  protection  along  the  Juanita  Slough  and  Yarrow  Slough  Creeks, 
enlargement  of  the  Kirkland,  Renton,  and  Bellevue  storm  drain  systems, 
and  installation  of  diversion  storm  drains  on  Mercer  Island. 

The  improvements  to  the  channels  of  creeks  entering  Juanita  and 
Yarrow  Sloughs  consist  of  excavation  and  rock  protection.  The  enlarge- 
ment of  the  storm  drain  systems  is  accomplished  by  installation  of  paral- 
lel pipes  in  many  systems.  Improvements  for  Mercer  Island  consist  mainly 
of  new  storm  drain  systems  for  diverting  a portion  of  the  runoff  from 
streams  that  are  subject  to  flooding  and  erosion. 
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Cost 


The  total  capital  cost  of  this  alternative  is  estimated  to  be 
$2,700,000. 

Channelization  and  uncontrolled  development  along  the  creeks 
draining  to  Juanita  Slough  and  Yarrow  Slough  will  increase  maintenance 
requirements  somewhat,  but  most  of  the  other  portions  of  the  alterna- 
tive will  require  routine  storm-drain  maintenance. 

The  Lake  Washington  East  Sub-Basin  consists  of  ten  separate 
jurisdictions:  The  cities  of  Kirkland,  Bellevue,  Mercer  Island,  Renton, 

Medina,  Beaux  Arts,  the  towns  of  Hunts  Point,  Yarrow  Point  and  Clyde 
Hill,  and  King  County.  However,  coordination  of  all  of  these  jurisdic- 
tions would  not  be  required  to  achieve  this  alternative,  because  of  the 
independence  of  each  of  the  drainage  systems  flowing  into  Lake  Washington 
Past  coordination  between  Clyde  Hill,  Hunts  Point,  and  Yarrow  Point 
should  continue. 

ALTERNATIVE  PLAN  II 


General  Concept 

This  alternative  attempts  to  preserve  the  natural  watercourses 
as  much  as  possible  by  controlling  runoff  rates  and  not  allowing  struc- 
tural encroachment  upon  the  creeks. 

Major  Features 

The  major  features  of  this  alternative  are  runoff  control  from 
future  development,  utilization  of  Forbes  Lake  as  a holding  basin, 
flood-plain  zoning  along  the  creek  entering  Juanita  and  Yarrow  Sloughs, 
and  some  holding  basins  and  streambank  improvements  for  Mercer  Island. 
In  Kirkland,  Renton,  Bellevue  and  portions  of  Mercer  Island  where  deve- 
lopment is  already  extensive,  the  use  of  enlarged  storm  drain  systems 
is  the  only  feasible  solution,  although  their  sizes  are  somewhat  reduced 
by  runoff  control  requirements . 

Flood-plain  zoning  along  the  creeks  entering  Juanita  and  Yarrow 
Sloughs  will  obviate  the  need  for  extensive  channel  improvements.  On- 
site control  of  runoff  from  future  development,  and  the  use  of  Forbes 
Lake  as  a storage  facility,  will  maintain  flows  at  low  enough  levels  to 
reduce  flooding.  Even  with  control  of  runoff  from  future  development, 
parallel  storm  drains  will  be  necessary  at  several  points  in  Kirkland, 
Bellevue,  and  Renton.  Detention  basins  are  used  where  possible  on 
Mercer  Island  but  diversion  of  storm  water  is  still  necessary  in  some 
basins. 


Cost 


The  estimated  capital  cost  of  this  alternative  is  $1,600,000. 
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Though  the  runoff  control  facilities  of  this  alternative  require 
additional  maintenance,  the  overall  maintenance  requirements  of  this 
alternative  are  comparable  to  those  of  Alternative  Plan  I. 

Achievement  of  this  alternative  again  does  not  particularly 
require  cooperation  between  the  ten  jurisdictions  in  the  sub-basin 
because  of  the  independence  of  the  streams  running  into  Lake  Washington. 

PEAK  FLOW  COMPARISON 


The  following  table  indicates  10-year  peak  flows  with  existing 
facilities  and  land  use  and  with  alternative  drainage  management  solu- 
tions for  the  year  2000. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Location 


Existing 

Facilities 


Al ternative 
Plan  I 


Al ternative 
Plan  II 


•Juanita  Slough 

600 

650 

360 

Kirkland  Outfall 

400 

500 

400 

Yarrow  Slough 

450 

600 

250 

Mercer  Island  Drainage 
Basin  21 

40 

50 

50 

Renton  Outfall 

300 

550 

475 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  the  applicability  of  the 
suggested  alternative  plans  for  this  sub-basin.  This  procedure  was 
followed  throughout  the  RIBCO  Study  for  development  of  alternative  plans 
for  the  various  regional  sub-basins.  The  inspections  were  based  upon  the 
alternative  evaluation  procedure  which  identified  34  unique  criteria 
grouped  in  general  categories  as  follows:  1)  Effectiveness,  2)  Human 

Values,  3)  Environmental  Factors,  4)  Implementation, and  5)  Resource 
Requirements. 

The  various  structural  solutions  were  checked  against  the  appro- 
priate criteria  and  the  various  non-structural  solutions  were  reviewed 
for  their  relationship  to  existing  and  probable  future  developments. 

The  criteria  rating  for  Alternative  Plan  I,  which  employs  channelization, 
enlargement  of  conduits,  and  providing  diversions,  was  a minus  15  out  of 
a possible  range  from  a positive  total  of  108  and  a negative  total  of  108. 
The  total  evaluation  rating  for  Alternative  Plan  II,  which  employs  runoff 
control  and  flood  plain  zoning  in  addition  to  providing  enlargement  of 
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conduits  and  diversions,  was  a plus  12. 

Both  alternative  plans  were  judged  to  be  effective  in  controlling 
drainage.  Both  plans  involved  certain  sacrifices  of  human  value  and 
human  uses  of  the  land  once  they  are  built.  Environmentally,  Alternative 
Plan  II  clearly  offered  more  resource  preservation  than  Alternative  Plan 
I,  which  required  channel ization  of  the  stream  all  the  way  to  Yarrow 
Bay  as  well  as  a large  portion  of  Juanita  Slough.  Neither  alternative 
is  part  of  present  planning  of  any  of  the  involved  agencie  . However, 
extensive  cooperation  between  the  ten  separate  agencies  will  not  be 
required  in  most  cases  before  the  plans  can  be  realized.  Both  of  the 
alternative  plans  involved  commitments  of  the  use  and  management  of 
natural  resources  because  they  rely  upon  certain  structural  treatments 
for  all  or  part  of  their  solutions.  Therefore,  neither  alternative  can 
be  said  to  be  clearly  superior  to  the  other  in  this  concern. 

The  most  critical  element  in  these  two  alternatives  is  the  use 
of  flood-plain  zoning  and  runoff  control  in  Alternative  Plan  II  to  pro- 
tect the  natural  character  of  Juanita  and  Yarrow  Sloughs. 

Since  Alternative  Plan  II  does  rely  upon  flood-plain  zoning  and 
runoff  control  from  future  land  development,  this  treatment  combination 
if  it  is  to  be  part  of  the  chosen  alternative,  should  be  implemented  as 
an  early  organized  effort.  Any  portion  of  the  sub-basin  that  develops 
without  these  combined  controls  will  require  more  structural  treatment 
than  Alternative  Plan  II  can  accommodate.  This  issue  should  be  brought 
to  the  attention  of  all  citizens  and  their  local  agencies. 

There  also  are  other  sacrifices  that  are  involved  in  the  two 
alternative  plans.  Alternative  Plan  I allows  development  within  most 
of  the  pastoral  flood  plain,  whereas  Alternative  Plan  II  requires  that 
this  area  be  flood-plain  zoned  thereby  effectively  removing  it  from 
any  future  intensive  land  uses  typical  of  urbanized  areas. 

CONCLUSIONS 

Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I 
because  of  the  still  relatively  undeveloped  nature  of  much  of  this  sub- 
basin. However,  it  does  require  immediate  action  to  protect  and  pre- 
serve the  natural  values.  As  pointed  out  above,  this  action  would  require 
runoff  control  at  or  near  existing  rates  for  any  new  development.  It 
also  requires  designation  of  several  areas,  particularly  along  Yarrow 
and  Juanita  Sloughs,  to  be  flood-plain  zoned. 

Each  individual  jurisdiction  should  proceed  independently  to 
form  an  effective  master  drainage  plan  incorporating  the  co  .ditions  of 
Alternative  Plan  II.  A1 1 ten  of  these  agencies  should  then  move  to 
implement  and  enforce  the  required  runoff  controls  and  flood-plain  zoned 
within  their  own  jurisdiction. 
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RUNOFF  QUALITY  SUMMARY 
LAKE  WASHINGTON  EAST 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 
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1 <;  I B . Washington  tast 


— 

f XIST1N( 

, fAClUTIfS 

PROPOSED  FACIllTlfS 

ELfMfcNT 
NUMBE;  R 

TVPF 

— 

PiPt  DJAMfTtH 
OH  CHANNtL 
BOTTOM  WIDTH 

LENGTH 

CHANNE  L 
SIDE  SLOPES 
(Mon?  Vert  ) 


MAX 

DEPTH  Of 
CHANNEL 

TYPE 

1 

. ... 

ESTIMATED 
CAPITAL  Cf)ST 

41  I Channel  | 8'  6,500'  2:1 

I I ' 

144  I Channel  | 8'  : 4,500'  , 2:1 


57  Channel  ' 8' 


55  i Channel  1 10' 


29  I Pipe 


1,200'  I 


Channel 

1,000'  streambank 
protection 

$46,000 

Parallel 

Pipe 

36" 

1 

$79,000 

96 

Pipe 

48" 

1 ,400' 

99 

Pipe 

42“ 

1 ,150' 

Parallel  15" 
Pipe 


Parallel  15" 
Pipe 


Parallel 

Pipe 

[ 

30" 

$76,000 

Parallel 

Pipe 

42" 

$91 ,000 

Parallel 

Pipe 

30" 

$54,000 

Enlarge  capacity  of 
concrete  flume  at  lake 


Divert  from  creek 
with  30"  storm  drain 
system 


Divert  from  stream 
with  storm  drain 
system 


Divert  from  stream 
with  storm  drain 
system 


$340,000** 


$200,000** 


$195,000** 
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RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aiteuwtiwe  . _L_ - Stih Ldke  Wdshington  tdst 


FiEMENT 
NUMBE  R 

EXISTING  FACIE  ITIFS 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTLiM  WIDTH 

i ength 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  I 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

f STIMATED 
CAPITAL  COST 

165 

Channel 

1 

Divert  from  stream 
wi th  storm  drain 
system 

$100,000** 

170 

1 

Channel 

i 

Divert  from  stream 
with  storm  drain 
sys  tern 

$155,000** 

180 

Channel 

Instal 1 storm  drain 
system  to  reduce  ditch 
f 1 ood 1 ng 

$240,000** 

1 

81 

Pipe 

12” 

Paral let 
Pipe 

36” 

$218,000 

84 

Pipe 

42“ 

_J 

1,300' 

Paral lei 
Pipe 

o 

rn 

$70,000 

2,500' 

Parallel 

Pipe 

30” 

$140,000 

6' 

1 ,800 ' 

2:1 

4' 

Channel 

1,800'  streambank 
protection 

$83,000 

1 

1 

Th^  Capital  Cost  for  each  elefnent  includes  Contractor  profit, 

er>qir>eerinq  lethal  ar>d  contingencies  In  addition,  lartd  purchase  and 
severance  costs  are  included  where  land  is  required  All  costs  are  based 
upon  Jur>e  1973  prices 


Tolat  Fstirr^ated  Capital  Cost 
Round  To 


$2,660,000 

$2,700,000 


**  Detailed  estimate  obtained  from  City  of  Mercer  Island 


HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aitprndtivp Suh  Basin  Lake  Wdshinqton  Eas  t 


ELEMENT 

NUMBER 

existing  facilities 

PROPOSED  FACILITIES 

type 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

length 

CHANNEL 
SIDE  SI  OPES 
(Hon/  Vert  ) 

MAX 

depth  of 

CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

42 

Forbes 

Lake 

Improvements  to  outlet 
and  spillway  to  provide 
4.5  AF  of  storage 

$30,000 

29 

1 

Pipe 

48" 

1,200' 

Paral  lel 
Pipe 

21" 

$43,000 

87 

Channel 

8' 

1 .200' 

2;1 

4' 

1 

Channel 

1,200'  streambank 
protection 

$55,000 

96 

Pipe 

48" 

1,400' 

Parallel 

Pipe 

24" 

$59,000 

99 

Pipe 

42" 

1,150' 

Parallel 

Pipe 

36" 

$76,000 

100 

Pipe 

24" 

1,000' 

Parallel 

Pipe 

24" 

$42,000 

142 

Pipe 

15" 

3,800' 

Parallel 

Pipe 

12" 

$76,000 

98 

Pipe 

15" 

— 

2,800' 

Parallel 

Pipe 

12" 

$56,000 

143 

Pipe 

15“ 

2,400' 

Parallel 

Pipe 

12" 

$48,000 

105 

1 

Channel 

1 

Enlarge  capacity  of 
concrete  flume  adlvert 
portion  of  runoff  to  1- 
90  drainage  for  treat- 
ment 

$26,000** 

114 

Channel 

1 

1 

1 

Install  runoff  deten- 
tion basin  to  provide 
3 AF  of  storage  and 
diversion  pipe 

$250,000** 

117 

Channel 

Divert  from  stream 
with  storm  drain 
sys tern 

$150,000** 

161 

Channel 

Miscellaneous  stream- 
bank  protection  and  run- 
off detention  basin 

$75,000** 

165 

Channel 

Runoff  detention  basin 
to  provide  1+  AF 
storage 

$25,000** 

170 

Channel 

Runoff  detention  basin 
to  provide  1+  AF  stor- 
age and  diversion  plpe- 
1 Ine 

$185,000** 

180 

Channel 

Install  storm  drain 
to  reduce  ditch  flood- 
ing 

$240,000*** 

81 

Pipe 

12" 

3,300' 

Parallel 

Pipe 

30" 

$178,000 

**  Dttailcd  tstimt*  obtdntd  from  City  of  Mercer  Island 
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Alternative 


SuhAH'in  Washington  East 


ELEMENT 

NUMBER 

EXISTING  FACILITIES 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon^  Vert  ) 

MAX 

DEPTH  Of 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

8' 

6,500' 

2:1 

■ 

Flood  plain  zone 

-0- 

144 

8' 

2:1 

4' 



Flood  plain  zone 

-0- 

57 

8' 

2,500' 

2:1 

4' 

Flood  pi ain  zone 

-0- 

1 

The  Efitmated  Capital  Cost  for  each  element  irKludes  Contractor  profit, 
en^meerirx).  legal  and  contingencies  In  addition,  land  purchase  and 
severance  costs  are  included  Mrhere  land  is  required  AN  costs  are  based 
upon  June  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


$1,614,000 

$1,600,000 
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REGIONAL  SUB-BASIN  C-18 


LAKE  UNION 


GENERAL  DESCRIPTION 

The  Lake  Union  Sub-Basin  is  located  entirely  within  the  City 
of  Seattle  between  Lake  Washington  and  Puget  Sound.  Lake  Union  receives 
water  from  area  storm  drains  and  from  Lake  Washington  by  means  of  the 
Lake  Washington  Ship  Canal.  It  dispenses  water  to  Puget  Sound  by  means 
of  the  ship  canal  and  the  government  locks.  Water  flows  into  Lake 
Union  from  all  directions  and  flows  out  to  the  west.  There  are  no  natu- 
ral streams  in  the  sub-basin  and  the  level  of  Lake  Union,  a natural 
lake,  has  been  altered  by  construction  of  the  ship  canal. 

The  sub-basin  consists  of  gently  rounded  hills  with  peak  eleva- 
tions over  400  feet.  It  is  94%  developed  in  intensive  urban  uses, 
including  major  transportation  corridors;  Interstate  5 and  Aurora 
Avenue,  and  industrial  areas  bordering  directly  on  Lake  Union  and  the 
ship  canal.  The  undeveloped  land  is  made  up  primarily  of  the  steep 
slopes  of  Queen  Anne  and  Capital  Hill  that  overlook  Lake  Union.  The 
Lake  represents  5%  of  the  sub-basin's  total  area.  Portions  of  the 
University  of  Washington,  the  Seattle  Center,  and  Central  Business 
District  of  Seattle  are  in  this  sub-basin. 

PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 

P.S.G.C.  Land  Use  Projection 

Land  Existing 


Use 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

75 

66 

66 

Multiple  Family 

5 

10 

10 

Commercial /Services 

5 

8 

10 

Govt,  and  Educ. 

2 

2 

2 

Industrial 

5 

7 

5 

Parks/Dedicated  Open  Space  1 

1 

1 

Agriculture 

Airports,  Railyards, 
Freeways,  Highways 

1 

1 

1 
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P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Unused  Land 

1 

Water 

5 

5 

5 

Total 

100 

100 

100 

Total  Impervious  Area 

45 

55 

55 

There  are  no  major  trends  toward  land-use  change  in  the  basin 
as  the  character  and  pattern  of  development  have  been  fixed  for  many 
years.  There  will  be  continuing  rehabilitation  of  existing  developments 
and  some  relatively  minor  changes.  Projects  of  the  scale  of  the  Seattle 
Center  probably  will  not  occur  in  the  forseeable  future. 

While  the  sub-basin  is  entirely  within  the  City  of  Seattle,  the 
Municipality  of  Metropolitan  Seattle  (Metro)  is  heavily  involved  in 
accommodation  of  storm-drainage  runoff  due  to  the  existence  of  combined 
sanitary  and  storm  sewers  throughout  the  sub-basin.  The  public,  in  1968, 
when  presented  with  the  problems  existing  because  of  the  combined  system, 
voted  to  construct  separate  storm-drain  systems  throughout  much  of 
Seattle,  (Forward  Thrust).  Some  separation  in  the  Lake  Union  Sub-Basin 
was  part  of  that  authorization  and  has  been  nearly  completed. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  existing  drainage  system  is  either  the  storm  drains  being 
constructed  as  part  of  the  Forward  Thrust  separation  program,  or  the 
previously  existing  combination  sanitary/storm  sewer.  Except  for  a 
portion  of  the  North  Queen  Anne  Hill  at  the  ship  canal,  the  entire  sub- 
basin is  served  by  one  system  or  the  other.  Drainage  carried  in  the 
combined  system  is  fed  to  the  Metro  West  Point  Treatment  Plant,  where 
it  is  processed  before  release  into  Puget  Sound.  During  major  storms, 
the  high  volume  of  combined  sewage  exceeds  the  capacity  of  the  sewer 
system  and  overflows  of  untreated  sewage  discharge  to  Puget  Sound  or 
Lake  Union  and  the  ship  canal.  Storm  runoff  collected  by  new  storm 
drains  is  directed  immediately  into  Lake  Union  or  the  ship  canal  without 
treatment. 

DRAINAGE  PROBLEMS 


Problems  of  the  Lake  Union  Sub-Basin  are  associated  with  the 
Inadequate  capacity  of  the  combined  sewer  system  to  handle  storm  flows 
both  at  the  point  of  entry  to  the  system  (resulting  in  flooded  base- 
ments, yards,  and  streets)  and  the  point  of  discharge  at  West  Point  or 
shoreside  discharge  structures  where  raw  sewage  from  overflows  is 
released  into  Puget  Sound,  Lake  Union  or  the  ship  canal.  The  construe 
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tion  of  storm  drains  discharging  directly  into  Lake  Union  or  the  ship 
canal  results  in  frequent  localized  introduction  of  pollutants  associa- 
ted with  storm  runoff  as  a trade-off  for  overflow  discharge  from  the 
combined  sewer  system. 

Completion  of  storm-sewer  separation  should  relieve  the  overflow 
discharge  of  raw  sewerage  at  West  Point,  Lake  Union  and  the  ship  canal. 

The  problem  of  the  pollution  from  urban  runoff  will  have  to  be  corrected, 
probably  with  a combined  effort  by  Metro  and  Seattle  under  the  P.L.  92-500 
Areawide  Waste  Treatment  Management  planning. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

The  City  of  Seattle  and  Metro  are  cooperating  in  planning  for 
additional  areas  of  separation  that  would,  if  funded,  cover  the  entire 
Lake  Union  Sub-Basin.  Funds  authorized  in  1968  cover  only  a portion  of 
the  entire  proposed  system. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

As  the  City  of  Seattle  and  Metro  already  are  committed  to  a 
system  to  accommodate  drainage  in  this  sub-basin,  it  is  unlikely  that 
any  other  alternative  courses  of  action  are  practical. 


/ 

% 
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REGIONAL  SUB-BASIN  C-19 


LAKE  WASHINGTON  WEST 


GENERAL  DESCRIPTION 


The  Lake  Washington  West  Sub-Basin  is  located  along  the  entire 
western  shore  of  Lake  Washington  and  extends  from  Renton  in  the  south 
to  Kenmore  in  the  north.  It  contains  four  unnamed  small  streams  and 
Union  Bay,  Green  Lake  and  Haller  Lake.  Lake  Washington  now  drains  to 
the  west  through  the  Lake  Washington  Ship  Canal  to  Puget  Sound.  In 
addition  to  direct  runoff  from  this  sub-basin.  Lake  Washington  receives 
water  from  the  Sammamish  River,  the  Cedar  River  and  numerous  streams 
discussed  elsewhere  in  the  urban  runoff  and  sub-basin-drainage  study. 

Geography  of  the  basin  consists  of  gently  rounded  hills  reaching 
elevations  of  500  feet.  There  are  areas  of  abrupt  topography  and  gullies 
throughout  the  basin.  The  western  shore  of  Lake  Washington  contains  a 
brief  shelf  at  the  water's  edge  that  was  created  when  the  ship  canal  was 
completed  and  the  lake  level  lowered. 

The  sub-basin  is  nearly  100  percent  developed  with  the  remaining 
undeveloped  land  in  steep  gullies  and  hillsides.  All  land-use  activities 
typical  of  an  intensely  urbanized  area  are  found  in  this  basin,  although 
industrial  uses  are  minor.  The  basin  contains  extensive  parklands, 
numerous  scattered  commercial  areas,  a portion  of  the  University  of  Wash- 
ington and  the  entire  Sand  Point  Naval  Base.  Interstate  5,  Aurora  Ave- 
nue (SR-9)  and  SR-522  all  pass  through  the  basin. 

PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USE 


Land  Existing 

Use  (1970-72) 

Single  Family  80 

Multiple  Family  1 

Commercial/Services  2 

Govt,  and  Educ.  5 

Industrial  2 

Parks/Dedicated  Open  Space  10 

Agriculture 


P.S.G.C.  Land  Use  Projection 
Comprehensive  Corridor 


74 

3 

5 

5 

3 

10 


73 

4 

5 
5 
3 

10 


Land 
Use 

Airports,  Railyards, 
Freeways,  Highways 

Unused  Land 

Water 


Total 

100 

100 

100 

Total  Impervious  Area 

40 

45 

45 

Future  development  will  tend  to  fill  out  the  existing  pattern. 

The  Sand  Point  Naval  Base  will  change  somewhat  if  property  is  transfered 
to  the  City  of  Seattle  for  a park  and  to  the  National  Oceanic  and  Atmos- 
pheric Administration  for  a research  base.  The  University  of  Washington 
controls  extensive  lands  around  its  campus  that  could  realize  more  inten- 
sive development. 

The  PSGC  Year  2000  Comprehensive  Plan  indicates  that  some  existing 
single-family  use  will  change  to  multiple-family  and  commercial  use.  This 
projection  is  echoed  by  the  year  2000  Corridor  Plan. 

The  major  portion  of  the  sub-basin  is  within  the  City  of  Seattle, 
with  King  County  and  Snohomish  County  controlling  the  remainder.  The 
Municipality  of  Metropolitan  Seattle  provides  sewer  service  to  that 
portion  of  the  sub-basin  within  Seattle  and  King  County.  Public  interest 
in  drainage  control  in  the  sub-basin  was  reflected  by  approval  of  bonds 
in  the  1968  Forward  Thrust  election  to  finance  separation  of  the  combined 
sanitary  and  storm  sewer  system  that  existed  throughout  most  of  the  basin. 
The  separation  project  is  now  nearing  completion. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

The  drainage  system  in  the  sub-basin  consists  of  storm  drains, 
combined  sewers,  and  areas  with  natural  drainage  that  utilize  small 
streams  as  the  receiving  water.  Haller  Lake  and  Green  Lake  receive 
runoff  from  their  immediate  environs  and  it  is  transfered  to  Lake  Wash- 
ington by  pipes  and  open  channel.  The  combined  sewer  system  contains 
numerous  pump  stations.  Certain  components  of  the  system  provide  for 
intense  human  use  and  enjoyment.  Haller  Lake,  Green  Lake,  and  Lake 
Washington  all  provide  excellent  recreational  opportunities  for  boating, 
swimming,  and  fishing.  They  provide  wildlife  habitats  that  allow  many 
animals,  fishes,  and  birds  to  survive  in  the  urban  setting.  The  stream- 
ways  are  incorporated  into  the  deveopment  of  parks  and  residential  pro- 
perties and  provide  a unique  amenity.  All  water  bodies  in  the  basin 
support  fish  life,  with  trout  fishing  in  Green  Lake  and  salmon  fishing 
in  Lake  Washington  being  popular  pastimes  of  area  residents. 


P.S.G.C.  Land  Use  Projection 

Existing 

(1970-72)  Comprehensive  Corridor 
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DRAINAGE  PROBLEMS 


Areas  within  this  sub-basin  which  have  been  analyzed  do  not 
include  those  within  the  City  of  Seattle  that  have  a combined  sanitary 
and  storm  drainage  system.  This  sub-basin  is  further  divided  into 
three  principal  sub-areas  namely.  North  City,  View  Ridge,  and  Bryn  Mawr. 

There  have  been  few  reported  or  observed  problems  within  these 
sub-areas.  However,  runoff  simulation  of  the  drainage  systems  under 
the  projected  year  2000  land-use  conditions  indicate  that  the  capacities 
of  several  storm  drains  and  culverts  would  be  exr-'cded . Soil -erosion 
and  slides  have  occurred  on  the  steep  bluff  on  Lake  Washington  near 
Briercrest . 

The  results  of  hydrologic  analysis  indicate  no  significant  dif- 
ference between  the  Comprehensive  and  Corridor  Plans.  Therefore,  the 
drainage  alternatives  presented  herein  are  applicable  to  both  plans. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

The  City  of  Seattle,  through  Forward  Thrust,  is  separating  por- 
tions of  the  combined  system  by  providing  new  storm  drains.  This  is 
being  done  from  Rainier  Beach  to  Sand  Point  Naval  Base,  and  storm-drain 
service  will  be  provided  for  most  of  the  sub-basin.  Problems  of  dis- 
charge of  raw  sewage  into  Lake  Washington  should  be  eliminated  when  work 
is  completed. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  drainage  system  of  the  Lake  Washington  West  Sub- 
Basin,  as  described  by  local  agencies,  was  evaluated  by  computer  simu- 
lation that  applied  the  region's  10-year  storm  to  year  2000  land  use. 
Drainage  problems  thus  identified  were  analyzed  and  possible  solutions 
provided  in  development  of  alternative  plans  for  drainage  control  as 
described  below. 

Two  major  alternative  plans  were  studied  for  solving  the  Lake 
Washington  West  drainage  problems.  The  first  alternative  enlarges 
existing  storm-drainage  conduits  and  open  channels  to  alleviate  pre- 
dicted flood  condition  and  also  open  channels  are  lined  for  high-flow 
velocities  which  would  cause  excessive  erosion.  The  second  alternative 
plan  would  preserve  the  existing  quality  of  the  major  natural  streams 
by  specifying  diversion-drainage  facilities  where  appropriate.  Holding 
ponds  also  are  utilized  to  reduce  peak  flow  rates.  Otherwise,  the 
improvements  are  the  same  as  those  for  Alternative  Plan  I. 

ALTERNATIVE  PLAN  I 

General  Concept 

The  general  concept  of  Alternative  Plan  I is  to  increase  the 
capacity  of  the  system  by  the  enlargement  of  existing  storm-drainage 
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conduits  and  by  opening  channels  to  alleviate  predicted  flood  con- 
ditions. It  also  is  necessary  under  this  alternative  to  line  open 
channels  where  high  flow  velocities  would  cause  excessive  erosion. 


I 


Major  Features 

An  open  channel  system  is  the  major  trunk  drain  from  Brier  to 
Kenmore.  Several  existing  culverts  along  this  stream  that  cross  Bothell 
Way  would  severely  constrict  anticipated  runoff  from  a 10-year  storm. 

The  culvert  on  the  main  stream  would  need  to  be  enlarged  and  stream- 
bank  protection  be  provided  for  the  lower  half  of  the  channel.  The 
west  ridge  from  Sand  Point  Naval  Station  northward  features  many  small 
pipes  and  culverts  that  discharge  runoff  directly  into  Lake  Washington. 
Several  of  the  culverts  along  Lake  Washington  from  Lake  Forest  to  Brier- 
crest  could  need  to  be  enlarged.  The  View  Ridge  system  consists  exclu- 
sively of  underground  storm  drainage  conduits  and  only  a few  additional 
supplemental  conduits  are  needed.  The  major  constriction  within  this 
system  seems  to  be  the  outfall  going  into  Lake  Washington.  Two  open 
channel  systems  accommodate  the  major  drainage  within  the  Bryn  Mawr 
sub-area.  No  surcharging  was  noted  for  the  systems  in  Bryn  Mawr, 
however  velocities  of  flow  in  the  steeper  reaches  would  Indicate  the 
need  for  channel  protection. 

Cost 


The  capital  cost  of  improvements  for  Alternative  Plan  I is 
estimated  to  be  $1,100,000. 

Improvements  to  the  existing  system  would  be  expected  to  only 
slightly  increase  the  present  level  of  operation  and  maintenance.  Pro- 
tection of  streambanks  against  excessive  erosion  should  actually  reduce 
sediment  accumulation  along  the  flatter  stream  reaches  as  well  as  mini- 
mize maintenance. 

Each  of  the  systems  within  the  Lake  Washington  West  Sub-Basin 
act  independently  and  therefore  little  coordination  between  King  County 
and  the  City  of  Seattle  would  be  necessary  to  carry  out  any  programs 
identified.  This  alternative  plan  is  believed  to  be  relatively  easy  to 
accomplish,  however  it  may  have  some  questionable  environmental  results. 

ALTERNATIVE  PLAN  II 


General  Concept 

In  this  alternative  plan,  provision  is  made  to  preserve  the 
existing  quality  of  the  major  natural  streams  by  specifying  diversion- 
drainage  facilities  where  appropriate.  Holding  ponds  also  are  utilized 
to  reduce  peak  flow  rates.  Otherwise,  the  improvements  are  the  same  as 
those  for  Alternative  Plan  I. 
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Major  Features 

The  lower  reach  of  the  main  stream  from  Brier  to  Kenmore  is 
bordered  by  61st  Avenue  arterial  which  would  provide  access  to  drainage 
conduit  construction.  A diversion  along  61st  would  alleviate  flow  con- 
ditions in  the  natural  channel  and  would  eliminate  the  need  for  rip-rap 
or  other  channel  protection.  A holding  pond  near  241st  Street  would 
reduce  peak  flows  to  the  stream  even  more.  A small  pond  site  also  is 
specified  just  above  Bothell  Way  at  Acacia  Cemetery  as  an  alternative 
to  enlargement  of  the  culvert.  Two  diversion  pipes  also  are  recommended 
for  the  Bryn  Mawr  sub-area.  As  these  diversion  pipes  will  intercept 
the  major  portion  of  runoff  into  these  streams,  no  streambank  protection 
will  be  necessary. 

Cost 


The  total  cost  for  drainage-system  improvements  is  estimated  to 
be  $1,700,000. 

A substantial  portion  of  that  cost  is  for  the  diversion  pipe 
along  61st  Avenue  and  the  holding  pond.  Maintenance  would  be  required 
' for  periodic  cleaning  of  the  holding  ponds  in  addition  to  the  require- 

ments already  discussed  in  Alternative  Plan  I. 

Alternative  Plan  II  would  preserve  and  enhance  the  quality  of 
those  remaining  natural  streams  within  the  sub-basin.  Diversion  of 
flows  into  proposed  trunk  drains  and  holding  ponds  would  reduce  peak 
flow  rates.  However,  this  alternative  plan  would  cost  considerably 
more  than  Alternative  Plan  I,  but  is  more  amenable  to  the  environment. 

As  in  Alternative  Plan  I,  the  systems  within  the  sub-basin  are 
all  independent  and  therefore  little  cooperation  between  King  County 
and  the  City  of  Seattle  will  be  necessary  to  realize  this  alternative. 

PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10-ye?r  peak  flows  with  existing 
facilities  and  land  use  and  with  alternative  drainage  management  solu- 
- — tions  for  the  year  2000. 


I 
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COMPARISON  OF  lO-YEAR  PEAK  FLOWS 
(Cubic  Feet  per  Second) 


Location 

Existing 
Faci 1 ities 

A1 ternative 
Plan  I 

A1 ternative 
Plan  II 

Bothell  Way  at  Kenmore 

160 

370 

200* 

Outfall  near  Lake  Forest 

20 

40 

20* 

View  Ridge  Main  Outfall 

140 

350 

350 

Lake  Ridge  Ravine 

160 

200 

120* 

Outfall  west  of  Renton  Airport 

200 

250 

250 

♦Flows  reduced  because  of  diversion  conduits. 
ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  applicability  of  the  sug- 
gested alternative  plans  for  this  basin.  This  procedure  was  followed 
throughout  the  RIBCO  study  for  development  of  alternative  plans  for  the 
various  regional  sub-basins.  The  inspections  were  based  upon  the  alter- 
native evaluation  procedure  which  identified  34  unique  criteria  grouped 
in  general  categories  as  follows:  1)  Effectiveness,  2)  Human  Values, 

3)  Environmental  Factors,  4)  Implementation, and  5)  Resource  Requirements. 

The  various  structural  solutions  were  checked  against  the  appro- 
priate criteria  and  the  various  non -structural  solutions  were  reviewed 
for  their  relationship  to  existing  and  probable  future  developments. 

The  criteria  rating  total  for  Alternative  Plan  I,  which  basically  employs 
enlargement  of  culverts  along  with  streambank  protection,  was  a minus 
15  out  of  a possible  range  from  a positive  total  of  108  and  a negative 
total  of  108.  The  total  evaluation  rating  for  Alternative  Plan  II,  which 
employs  diversions  and  holding  ponds  in  addition  to  enlargement  of  cul- 
verts, was  a plus  4. 

Both  alternative  plans  were  judged  to  be  effective  in  controlling 
drainage.  Both  plans  involved  certain  sacrifices  of  human  value  and 
human  uses  of  the  land  once  they  are  built.  However,  Alternative  Plan  I 
appears  to  be  detrimental  to  the  aesthetics  of  the  natural  streams  in 
the  Kenmore  and  Bryn  Mawr  areas.  Environmentally,  Alternative  Plan  II 
offers  more  resource  preservation  potential  than  Alternative  Plan  I. 

There  is  streambank  protection  along  a good  deal  of  the  creek  in  the 
Kenmore  area  and  in  the  Bryn  Mawr  sub-area.  None  of  the  systems  within 
either  alternative  plan  is  part  of  present  planning  of  either  of  the 
involved  agencies.  City  of  Seattle  or  King  County.  However,  cooperation 
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between  the  two  agencies  will  not  be  required  in  order  to  accomplish 
any  of  the  work.  Each  of  the  two  agencies  can  proceed  independently 
to  carry  out  any  of  the  projects  within  the  two  alternatives.  Both  of 
the  two  alternative  plans  involve  commitments  of  the  use  and  manage- 
ment of  natural  resources  because  they  rely  upon  certain  structural 
treatments  for  all  or  part  of  their  solutions;  therefore,  neither  alter- 
native plan  can  be  said  to  be  clearly  superior  in  this  concern. 

CONCLUSIONS 

Alternative  Plan  II  is  superior  to  Alternative  Plan  I in  that 
it  protects  the  valuable  urban  amenities  of  the  creeks  in  the  Bryn  Mawr 
and  Kenmore  areas,  however,  at  a greater  cost  over  Alternative  Plan  I. 

Because  of  the  independence  of  the  systems  within  this  sub-basin. 
King  County  and  the  City  of  Seattle  should  proceed  independently  to 
establish  respective  master  plans  for  the  drainage  systems  within  the 
sub-basin  that  incorporate  the  provisions  of  Alternative  Plan  II.  The 
timing  of  construction  of  the  proposed  improvements  is  not  of  the  utmost 
importance  at  this  time.  The  work  should  go  ahead  as  development  in 
these  regions  indicates. 


* Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  colaform  which  is  in  MPN/100  ml. 

* Combined  peak  flows  for  channel  and  diversion  pipe. 
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fXiSTiNi,  f ACll  iTifS 

PH(;P()SF  0 f ACll  iTifS 

1 

tLlMtNTl 
NUMBFB  • 

TYPF 

PjPt  (JIAMFTfR 
OR  CMANNi L 
BOTTOM  width 

1 FNC,  th 

CHANNt 1 
SIDS  SLUPFS 

' >i  Ve»  1 ■ 

MAX 

DFPIH  OF 
CHANNf 1 

1 

TYPl 

FSTlMATfO 
CAPITAL  COST 

13 

Pipe 

24" 

100' 

Paral lel 
Pipe 

36" 

Includes  inlet  and 
outlet 

$13,000 

n 

1 

Pipe 

24" 

300' 

Paral lei 
Pipe 

■ 

42" 

Includes  inlet  and 
outlet 

$30,000 

12 

Pipe 

24" 

1 .450' 

Parallel 

Pipe 

36“ 

$96,000 

2 

Pipe 

Two-36" 

200' 

Parallel 

Pipe 

54" 

$30,000 

I 

Channel 

8' 

550' 

2:1 

4' 

Channel 

3'  depth 

Streambank  protection 

$28,000 

3 

Channel 

8' 

250' 

2:1 

■ 

Channel 

— 
3'  depth 

Streambank  protection 

$13,000 

5 

Channel 

8' 

1 ,500' 

2 1 

4' 

Channel 

3'  depth 

Streambank  protection 

$76,000 

Channel 

8' 

5,900' 

- 

2:1 

4' 

Channel 

2'  depth 

Streambank  protection, 
lower  4,500' 

$152,000 

8 

Channel 

6' 

2,500' 

2:1 

3' 

Channel 

2'  depth 

Streambank  protection, 
lower  1 ,500' 

$51,000 

14 

Pipe 

18" 

100' 

Parallel 

Pipe 

36" 

Includes  inlet  and 
outlet 

$12,000 

Pipe 

12“ 

150' 

Parallel 

Pipe 

27" 

Includes  Inlet  and 
outlet 

$11,000 

Pipe 

12" 

150' 

Parallel 

Pipe 

24" 

Includes  Inlet  and 
outlet 

$10,000 

17 

Pipe 

24" 

150' 

Parallel 

Pipe 

21" 

Includes  Inlet  and 
outlet 

$9,000 

ie 

Channel 

6' 

850' 

2:1 

3' 

Channel 

1 ' depth 

Streambank  protection 

$14,000 

19 

Pipe 

18" 

150' 

Parallel 

Pipe 

15" 

Includes  Inlet  and 
outlet 

$6,000 

87 

Pipe 

42“ 

650' 

Parallel 

Pipe 

36" 

$43,000 

96 

Pipe 

21" 

550' 

Parallel 

Pipe 

18" 

$17,000 
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FlfMlNT 

NUMBER 

1 XISTING  f ACU  ITIES 

PROPOSED  f ACIl  (TIES 

TYPE 

— , 

PIPE  DIAMETER 
OR  channel 
BOTTOM  width 

L 

length 
1 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  ) 

MAX 

DEPTH  OF 
CHANNEL 

TYPE 

... 

ESTIMATED 
CAPITAL  COST 

80 

Pipe 

50" 

Parallel 

Pipe 

72" 

$104,000  • 

51 

Channel 

6' 

2:1 

4' 

Channel 

3'  depth 

Streambank  nrotcction 

$101,000 

53 

Channel 

6' 

2,400' 



2:1 

4' 

Channel 

2'  depth 

Strcambanh  protection 

$81 ,000 

44 

Channel 

4‘ 

2:1 

■ 

Channel 

1'  dept:i 

Strcambank  protection 

$47,000 

41 

Channel 

4' 

2:1 

3' 

Channel 

2.5'  depth 
Lower  3,000' 
Streambank  protection 

$126,000 

The  EslimdtpfJ  Capital  Cost  for  each  element  includes  Contractor  profit 
engineermq.  legal  and  contingencies  In  adrfition.  larxl  purchase  and 
sever arKe  costs  are  included  tvhere  land  is  required  AM  costs  are  based 
upon  June  t973  prices 


Total  Estimated  Capital  Cost  $1  ,070,000 
Round  To  $1,100,000 
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EUMFNTl 

NUMBER 


PIPE  DIAMF  TF  H I 
OH  CHANNE I I 


CHANNl  I I MAX 
SIDE  SLOPES  ! DEPTH  OF 


2 I Pipe  Two-36" 


200'  I 2:1 


' 

2,500'  j 

i 

2:1 

[ ~ 

3 

PROPOfifO  FACIllTIfS 

rvPF 

[ ESTIMATED 
CAPITAL  COST 

Parallel 
Pipe  1 

1 

1 

1 

36" 

Includes  inlet  and 
outlet 

$13,000 

Parallel  ! 
Pipe 

42" 

Includes  inlet  and 
outlet 

$30,000 

Parallel  1 
Pipe  ' 

36"  1 

' j 

1 

$96,000 

1 

Parallel 

Pipe 

36" 

Includes  inlet  and 
outlet 

$19,000 

1 

Diversion 

48"  $372,000 

Pipe  ! 

4 ,000 ' 

5 

I Channel 

j 

8'  j 

1 

2:1 

j 

1 

1 Channel 

1 

1 

1 

1 1 

2:1 

1 

Diversion 

54" 

$106,000 

Pipe 

1,000' 

1 

Holding 

3.3  AF 

$13,000 

Pond 

1 .0  acre 

14  Pipe  18" 


15  Pipe  12“ 


16  ! Pipe  12 


Parallel 

27" 

$11,000 

Pipe 

Includes  inlet  and 

outlet 

21" 

550’ 

60"  i 

700’ 

18" 

$17,000 

72" 

$104,000 
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Alter  native 


Suh  Basin 


Lake  Washington  West 


ELEMENT 

NUMBER 

EX(ST(N( 

j TACILtTlES 

PROPOSED  FACILITIES 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert  1 

MAX 

depth  of 
Channel 

TYPE 

ESTIMATED 
CAPITAL  COST 

51 

■ 

4' 

Diversion 

Pipe 

30" 

3,300' 

$178,000 

53 

m 

6' 

2,400' 

2:1 

4' 

01  version 
Pipe 

30" 

2 ,400 ' 

$130,000 

44 

Channel 

4' 

2,800' 

2:1 

3' 

Channel 

1 ' depth 

Streambank  protection 

$47,000 

41 

Channel 

4' 

2:1 

■ 

Diversion 

Pipe 

30" 

3,000' 

— 

$162,000 



— — - 

The  Ettirnetcd  Cap*tei  Cost  tor  each  element  irKludes  Contractor  profit, 
•rs^mter  inq.  teQal  and  contir>gancies  tn  addition,  lartd  purchase  and 
severance  costs  are  irKludad  wvhere  larvl  is  required  All  costs  are  based 
upon  Jurse  1973  prKts 


Total  Estimated  Capital  Cost 
Round  To 


Jl ,682,000 
$1,700,000 
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REGIONAL  SUB-BASIN  C-13 


THORNTON  CREEK 

NORTH  FORK  DEMONSTRATION  AREA 


GENERAL  DESCRIPTION 


The  Thornton  Creek  Sub-Basin  is  located  west  of  Lake  Washing- 
ton in  North  Seattle.  It  lies  in  a northwest/southwest  orientation 
with  the  creek  draining  southeast  into  Lake  Washington  at  Matthews 
beach  north  of  Sand  Point.  Geography  of  the  sub-basin  is  generally 
moderate  in  the  upland  area,  with  several  sections  of  gullies  and 
hills.  Total  elevation  change  is  from  almost  500  ft.  to  15  ft.  above 
sea  level  at  Lake  Washington.  The  stream  channel  is  contained  in  a 
restricted  valley,  but  a narrow  flood  plain  exists  throughout  most  of 
its  length.  The  City  of  Seattle  controls  approximately  70%  of  the 
sub-basin  with  the  remainder  being  in  King  County. 

The  principal  stream  is  Thornton  Creek  that  consists  of  a 
North  Fork  and  South  (West)  Fork.  The  North  Fork,  which  extends  for 
five  and  a half  miles,  first  appears  from  a culvert  north  of  Jackson 
Park  Golf  Course  below  Ronald  Bog  and  the  South  Fork  begins  in  the 
vicinity  of  5th  Ave.  Northeast  near  the  Northgate  Shopping  Mall  and 
North  Seattle  Community  College.  The  South  Fork  is  presented  in  this 
Appendix  as  a regional  sub-basin.  The  forks  join  at  Meadowbrook  Park 
on  35th  Ave.  N.E.  The  stream  flows  through  developed  residential 
areas  and  parklands  and  changes  character  numerous  times  as  it  is 
affected  by  abutting  properties.  Remnants  of  wetland  areas  can  be 
seen  above  the  North  Fork  at  Ronald  Bog  and  an  unnamed  area  near  N.E. 
155th.  Other  small  areas  exist  throughout  the  sub-basin. 

Stream  Category  Drainage  Area  Discharge 

North  Fork  III  6.9  sq.  mi.  Thornton  Creek 

(Meadowbrook  Park) 

Present  development  in  the  North  Fork  sub-area  consists  of  ex- 
tensive residential  areas,  major  commercial  centers  and  a highly  deve- 
loped transportation  system  that  includes  portions  of  Interstate  5 and 
Lake  City  Way  plus  other  major  local  arterials.  There  are  several  major 
parks  and  institutional  uses.  The  overall  character  of  the  sub-area  is 
urban,  with  only  2%  of  the  land  now  undeveloped. 
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PERCENT  OF  CUB-AREA  IN  SPECIFIED  LAND  USE 


P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

79 

77 

72 

Multiple  Family 

2 

2 

4 

Commercial /Services 

5 

7 

8 

Govt,  and  Educ. 

5 

6 

7 

Industrial 

Parks/Dedicated  Open  Space 

5 

6 

7 

Agriculture 

Airports,  Railyards, 
Freeways,  Highways 

2 

2 

2 

Unused  Land 

2 

Water 

Total 

100 

100 

100 

Total  Impervious  Area 

43 

45 

46 

The  development  pattern  of  this  sub-area  is  fixed  and  allows 
little  latitude  for  addition  or  change  as  is  seen  in  the  P.S.G.C.  land- 
use  projections.  The  additions  that  will  occur  will  be  primarily  in 
the  commercial  and  multiple-family  residential  sector. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  existing  drainage  system  of  the  North  Fork  of  Thornton  Creek 
consists  of  several  tributaries,  many  small  gullies,  and  a partial 
system  of  storm  drains,  curbs,  gutters,  and  culverts  along  the  major 
arterials.  Much  of  the  sub-area  is  drained  by  open  channels  along  the 
streets.  Most  of  the  stream  has  been  modified  to  some  extent.  Much  of 
the  sub-area,  although  developed,  does  not  have  a storm-drain  system 
and  relies  upon  overland  flows  to  streets  and  streamways.  Street  im- 
provements in  the  sub-area  have  been  delayed  due  to  a lack  of  drainage 
facilities. 

In  a highly  urbanized  setting  such  as  Seattle,  those  portions  of 
the  streaijways  that  are  accessible  to  the  public  are  great  amenities. 
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By  the  nature  of  existing  development,  it  is  unlikely  that  there  will 
be  an  opportunity  to  create  a continuous  greenway  and  the  stream  will 
remain  an  amenity  primarily  to  those  with  abutting  property  and  in 
those  stretches  of  existing  public  ownership. 

The  State  Department  of  Game  and  Department  of  Fisheries  be- 
lieve that  the  stream  is  impassable  to  fish  due  to  culverts  in  the 
lower  reaches  and  therefore  consider  it  an  unproductive  stream.  Local 
residents,  however,  have  reported  spawning  by  anadromous  fish,  and 
there  are  local  varieties  of  fish  in  the  stream  as  well. 

DRAINAGE  PROBLEMS 


The  greatest  problem  in  this  sub-area  is  the  high  level  of  im- 
pervious area  and  runoff  generated  therefrom.  Many  local  upland 
pockets  are  natural  wetlands  that  have  been  developed  without  ade- 
quate drainage.  The  same  problem  exists  on  a number  of  local  streets 
that  have  no  planned  drainage  systems.  Roadside  ditches  overflow  on 
a regular  basis  and  reports  of  basement  flooding,  street  flooding, 
soggy  ground,  mildewed  foundations  and  yard  ponding  are  numerous  and 
recurrent  problems. 

As  in  the  case  of  many  highly  urbanized  areas,  the  tremendous 
increase  in  runoff  over  what  occurred  naturally  is  much  in  excess  of 
the  capacity  of  Thornton  Creek.  These  flows  cause  erosion,  flooding, 
and  structural  damage  to  whatever  lies  in  its  path.  The  resultant 
effect  upon  the  receiving  water.  Lake  Washington,  is  evident  by  sil- 
tation  at  Matthews  Beach  where  a delta  has  been  formed.  In  addition, 
oil  and  debris  is  washed  into  the  lake  to  degrade  water  quality  and 
discourage  fish  propagation  and  other  desirable  biological  producti- 
vity. 


The  results  of  hydrologic  analysis  indicate  no  significant  dif- 
ference between  the  Comprehensive  and  Corridor  land-use  plans.  There- 
fore, the  drainage  alternatives  presented  herein  are  applicable  to 
both  plans.  The  percentage  of  impervious  surface  in  the  sub-area  is 
projected  to  remain  at  approximately  the  same  level  in  the  year  2000 
as  exists  today,  45%. 

In  the  future,  under  both  the  Comprehensive  and  Corridor  con- 
cepts of  land  use,  the  problem  of  erosion  and  creek  flooding  will 
become  more  severe.  With  more  complete  drainage  of  tributary  pro- 
perties, including  residential  and  commercial  land,  flow  rates  in  the 
creek  will  increase  unless  provisions  are  made  on  site  to  control 
flows  or  divert  runoff  from  the  main  stream.  Problems  along  Thornton 
Creek  will  be  intensified  as  encroachment  by  local  property  owners 
continues,  unless  some  form  of  drainage  management  is  instituted  in 
the  sub-area. 

Reported  property  damages  obtained  from  local  agencies  placed 
the  average  annual  loss  for  Thornton  Creek  sub-area  at  $10,250. 
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BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


As  part  of  the  Public  Involvement  effort  of  the  RIBCO  Program, 
a "citizens  packet"  describing  five  engineering  techniques  was  dis- 
tributed to  residents  in  the  sub-area  and  comments  about  the  alterna- 
tives were  solicited.  The  five  plans  were: 

1)  Continuation  of  Present  Trends 

2)  Storm  Water  Diversion  Facilities 

3)  Flood-Plain  Management 

4)  Channel ization  (enlarging  Thornton  Creek) 

5)  Watershed  Management  (control  of  upland  development) 

Of  these  choices,  greatest  support  from  those  responding  to  the 
questionnaire,  was  given  to  the  concept  of  on-site  storage  and  use  of 
holding  ponds.  The  second,  in  order  of  preference,  was  the  improve- 
ment of  stream  channels,  followed  by  diversion  of  runoff  directly  to 
Lake  Washington.  The  fourth,  in  order  of  preference,  was  storm  sewers 
along  all  streets,  and  thj  least  desirable  was  to  do  nothing  at  all. 

The  City  of  Seattle  Engineering  Department  has  plans  for  new 
conventional  storm-drain  trunk  systems  for  the  entire  Thornton  Creek 
sub-basin.  This  plan  would  require  a large  capital  outlay  and  has  not 
yet  been  funded.  An  interesting  feature  of  one  part  of  this  plan  is 
the  proposed  use  of  the  old,  abandoned  sanitary  sewer  outfall  to  Lake 
Washington  as  a bypass,  peak-flow  storm  drain.  This  is  in  use  now 
and  affords  some  added  protection  for  the  lower  reaches  of  Thornton 
Creek.  The  City  of  Seattle  Department  of  Parks  and  Recreation  and 
King  County  have  purchased  a significant  portion  of  the  undeveloped 
stream-side  and  wetland  properties  and  also  operate  several  parks 
along  the  stream.  The  Thornton  Basin  Improvement  Association  is  now 
Involved  in  the  definition  of  problems  along  Thornton  Creek  with  the 
goal  of  creating  a surface-water  management  policy  for  the  sub-basin. 
The  north  fork  of  the  stream  has  been  designated  as  one  of  five  demon- 
stration areas  in  the  RIBCO  study  and  has  received  intensive  analysis. 

Staff  members  from  the  City  of  Seattle  Engineering  Department 
and  representatives  from  the  Thornton  Basin  Improvement  Association 
have  reviewed  the  initial  alternative  plans  for  drainage  developed  by 
this  RIBCO  study  for  the  Thornton  Creek  North  Fork  sub-area. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 

The  existing  Thornton  Creek  North  Fork  sub-area  drainage  system 
as  described  by  local  agencies,  was  evaluated  by  computer  simulation 
that  applied  the  region's  )0-year  storm  to  P.S.G.C.  year  2000  land  use 
Drainage  problems  thus  identified  were  analyzed  and  possible  solutions 
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were  provided  in  development  of  alternative  plans  for  drainage  control 
as  described  below. 

Vi,PLAN_  1 

General  _C  on  cep  t 

This  alternative  entails  enlargement  of  natural  channels,  man- 
made channels,  culverts,  and  storm  sewers  to  allow  uninterrupted  flow 
for  the  length  of  Thornton  Creek.  It  will  involve  considerable  con- 
struction on  the  creek  itself  as  well  as  placement  of  storm  sewers  in 
public  right-of-ways  to  parallel  existing,  inadequately  sized  trunks. 

In  essence,  it  consists  of  conventional  storm-sewer  construction,  use 
of  the  existing  natural  stream  where  possible  and  the  changing  of  it 
to  a controlled  open  channel  where  necessary. 

Major  Features 

The  key  element  in  this  plan  is  the  stream  channel  itself  from 
Ronald  Bog  in  the  northwest  corner,  south  to  the  confluence  of  the  North 
Fork  of  Thornton  Creek  and  Maple  Leaf  Creek,  and  beyond.  The  proposed 
improvements  include  widening  of  the  stream,  providing  for  greater  capa- 
city, rip-rapping  embankments  where  it  is  necessary  to  prevent  erosion, 
and  paving  of  selected  sections  where  there  is  insufficient  room  for  an 
enlarged  channel.  In  a number  of  areas,  tributary  to  the  creek,  new 
storm  sewers  parallel  to  existing  trunks  and  channels  will  be  necessary 
to  meet  drainage  needs. 

This  plan  does  not  credit  Ronald  Bog  or  any  of  the  existing  wet- 
land depressions  in  the  sub-area  with  detention  storaae;  when,  in  fact, 
they  may  continue  to  function  as  they  do  now  in  the  capacity  of  limited 
runoff-control  features.  If  these  areas  remain  undeveloped,  actual 
10-year  peak  storm  flows  could  be  less  than  predicted. 

Cost 

The  cost  for  Alternative  Plan  I is  estimated  to  be  $2,900,000. 
ALTERNATIVE  PLAN  II 


General  Concept 

To  reduce  flows  in  Thornton  Creek  and  thereby  somewhat  limit  the 
cause  of  erosion  and  need  for  channel  improvements,  it  is  possible  to 
divert  runoff  through  a major  trunkline  around  the  most  heavily  deve- 
loped section,  downstream  of  15th  Ave.  N.E.  This  line  would  be  con- 
structed only  as  a diversion  for  peak  runoff  flows  along  existing  public 
right-of-ways  and  would  be  designed  to  maintain  low  stream  flows  and 
summer  base-flow  conditions. 
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This  concept  dees  not  provide  for  detention  storage,  so  channel 
improvements  similar  to  those  described  in  Alternative  Plan  I would  be 
required  in  all  areas  except  that  stretch  of  stream  protected  by  the 
diversion  facility. 

The  capacity  of  the  diversion  line  could  be  great  enough  to 
limit  peak  flows  in  Thornton  Creek  to  approximate  natural  variation, 
but  for  economic  reasons,  it  is  assumed  that  the  Creek  will  be  used  to 
the  maximum  extent  possible  that  is  consistent  with  the  objective  of 
diverting  damaging  peak  runoff.  This  will  require  channel  improvements 
in  some  areas,  but  construction  would  be  kept  to  a minimum. 

Major  Features 

The  most  important  item  in  this  plan  is  a storm  trunk  line  that 
ranges  from  6 to  9 feet  in  diameter,  which  parallels  Thornton  Creek  on 
the  north  side,  from  where  it  intersects  15th  Ave.  N.E.  to  the  old  Lake 
City  Sewage  Treatment  Plant  on  35th  Ave.  N.E.  A diversion  structure 
would  be  built  at  15th  Ave.  N.E.  to  accommodate  runoff  from  the  areas 
north  and  west,  and  a second  diversion  line  would  be  installed  at  the 
confluence,  of  Maple  Leaf  Creek.  The  trunk  line  would  have  only  limited 
access  between  these  points;  the  majority  of  runoff  generated  in  the 
areas  through  which  it  passes  would  then  discharge  to  Thornton  Creek 
as  they  have  in  the  past.  If  flows  are  greater  than  anticipated  in 
the  future,  connection  can  be  made  in  selected  locations  to  decrease 
the  total  stream  flow. 

Cost 


The  cost  for  Alternative  Plan  II  is  estimated  to  be  $4,500,000. 
ALTERNATIVE  PLAN  HI 


General  Concept 

The  primary  objective  of  this  alternative  is  to  retain  water  in 
large  holding  ponds  and  to  control  the  rate  at  which  it  is  released  so 
that  downstream  channels  and  culverts  can  handle  the  flow.  In  all,  six 
holding  ponds  have  been  located  in  the  sub-area.  In  actual  practice, 
there  may  be  more  ponds,  depending  upon  available  land  and  the  expected 
effect  such  storage  might  have.  In  addition,  this  concept  may  be  ex- 
tended to  apply  to  individual  storage  ponds  on  roof  tops,  parking  lots 
and  playfields,  but  for  this  alternative,  large  facilities  only  have 
been  considered. 

Major  Features 

The  major  features  of  this  alternative  are  holding  ponds  in  the 
following  locations:  1)  Ronald  Bog,  2)  the  area  adjacent  to  1-5  on  the 

west  side  just  north  of  Jackson  Park  Golf  Course,  3)  the  south  end  of 
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Jackson  Park  Golf  Course,  4)  a proposed  County  Park  north  of  the  golf 
course  off  of  N.E.  145th  St.,  5)  a depression  just  south  of  Acacia 
Cemetery,  and  6)  embankment  storage  behind  Lake  City  Way. 

In  addition,  since  flows  in  the  future  will  still  increase 
above  their  present  values,  some  channel  widening  and  culvert  re- 
placement will  be  necessary  to  accoiimodate  runoff.  This  includes  a 
number  of  storm  trunk  lines  paralleling  existing  facilities. 

Cost 

The  cost  for  Alternative  Plan  III  is  estimated  to  be  $2,500,000. 
ALTERNATIVE  PLAN  IV 


General  Concept 


This  alternative  utilizes  nine  holding  ponds  in  the  Thornton 
Creek  North  Fork  sub-area  in  order  that  stream  channel  improvements 
be  further  minimized  from  that  presented  in  Alternative  Plan  III,  For 
this  reason,  holding  ponds  were  located  not  only  in  the  upstream  water- 
sheds, but  also  directly  adjacent  to  the  creek  in  the  lower  reaches, 
thus  minimizing  the  number  of  stream-channel  improvements  (i.e.  rip- 
rapping, excavation,  diversion  conduits,  etc.).  Runoff  control  was 
used  in  this  alternative  in  order  to  limit  peak  runoff  rates. 

Major  Features 

The  most  significant  feature  in  this  alternative  is  the  use  of 
nine  holding  ponds.  The  first  holding  pond  retains  all  flow  in  "off- 
line storage",  i.e.  storage  not  directly  on  Thornton  Creek  that  is  in 
excess  of  the  capacity  of  the  pipe  system.  The  second  holding  pond 
presently  exists  as  the  Ronald  Bog.  Parallel  pipelines  are  required 
to  allow  upstream  runoff  to  reach  the  Bog.  The  third  holding  pond  will 
accommodate  the  additional  runoff  that  presently  causes  the  flooding 
near  N.E.  145th  and  Interstate  5.  The  fourth  holding  pond  is  located 
on  the  main  channel  of  Thornton  Creek. 

The  remaining  five  holding  ponds  are  all  considered  "off-line" 
storage.  The  parallel  pipelines  are  required  to  route  flow  to  and/or 
from  the  holding  ponds. 

There  is  a difference  between  "on-line"  holding  ponds  and  "off- 
line" holding  ponds.  In  order  to  retain  natural  areas,  and  minimize 
construction  and  land  acquisition  costs,  holding  ponds  were  located, 
as  much  as  possible,  in  natural  wetlands.  The  on-line  storage  occurs 
in  these  wetlands  (Ronald  Bog,  Jackson  Park  Golf  Course),  whereas  off- 
line storage  usually  requires  more  land  and  more  extensive  facilities. 
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In  regard  to  runoff  control , King  County  presently  has  a storm- 
drainage  policy  for  land  development  that  states,  "drainage  plans 
shall  provide  storm  water  retention  facilities  so  that  peak  discharge 
from  the  site  will  not  be  increased  by  more  than  25%  due  to  the  pro- 
posed development." 

Even  with  this  policy,  both  holding  ponds  and  parallel  pipeline 
facilities  (diversion  pipelines)  are  required  to  prevent  major  flooding 
in  the  Thornton  Creek  sub-area. 

Cost 


The  cost  for  Alternative  Plan  IV  is  estimated  to  be  $3,500,000. 
PEAK  FLOW  COMPARISONS 


The  following  table  indicates  10-year  peak  flows  under  existing 
facilities  and  land  use  and  under  alternate  drainage  management  solu- 
tions for  the  year  2000. 

COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 

Existing 
Land  Use 

North  Fork  Existing  Existing  Alt. Plan  Alt. Plan  Alt. Plan  Alt. Plan 

Location  Facilities  Facilities  I II  III  IV 


15th  Ave.  N.E. 

140 

35th  Ave.  N.E. 

300 

Maple  Leaf  Creek 

40 

Outlet;  39th  Ave. 

70 

N.E. 

ENVIRONMENTAL  ASSESSMENT 


155 

680 

195 

920 

45 

160 

275 

1780 

ALTERNATIVE 

PLANS 

150 

370 

230 

520 

680 

330 

180 

90 

10 

Thornton 

790 

370 

Creek  250 
Diversion 
Line  910 


Field  inspections  were  made  to  judge  the  applicability  of  the  sug- 
gested alternative  plans  for  this  sub-area.  This  process  was  followed 
throughout  the  RIBCO  Study  for  development  of  alternative  plans  for  the 
various  regional  sub-basins.  The  inspections  were  based  upon  the  alter- 
native evaluation  procedure  which  identified  34  unique  criteria  grouped 
in  general  categories  as  follows:  1)  Effectiveness,  2)  Human  Values, 

3)  Environmental  Factors,  4)  Implementation  and  5)  Resource  Requirements. 
The  various  structural  solutions  were  checked  against  the  appropriate 
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criteria  and  the  various  non-structural  solutions  were  reviewed  for 
their  relationship  to  existing  and  probable  future  developments. 

The  criteria  rating  total  for  Alternative  Plan  I which  employs  stream 
bank  protection,  channelization  and  parallel  conduit,  was  a minus  31 
on  a scale  ranging  from  a positive  108  to  negative  108.  The  total 
evaluation  rating  for  Alternative  Plan  II,  which  employs  stream  bank 
protection,  channelization,  parallel  conduit  and  diversion,  was  a 
minus  35.  The  total  evaluation  rating  for  Alternative  Plan  III,  which 
involves  stream  bank  protection,  channelization,  parallel  conduit  and 
storage,  was  a plus  16.  The  total  evaluation  rating  for  Alternative 
Plan  IV,  which  employed  storage,  runoff  control,  diversion  and  some 
enlarged  conduit,  was  a plus  21. 

Alternative  Plans  I,  III  and  IV  received  positive  ratings  for 
effectiveness  and  all  plans  were  judged  to  be  effective  for  flood- 
damage  reduction.  Because  of  the  diversion  system.  Alternative  Plan 
II  was  low-rated  on  reliability,  maintainability  and  flexibility. 

Only  Alternative  Plan  III  received  a positive  rating  for  promotion  of 
human  values,  as  it  did  not  require  displacement  of  people  and  was 
viewed  to  have  certain  educational  value.  Alternative  Plan  IV  does 
require  acquisition  of  areas  now  developed  for  residences  or  comner- 
cial  use,  to  provide  the  necessary  holding  ponds  suggested  in  this 
system.  The  extensive  channelization  involved  in  Alternative  Plan  I 
and  II  was  felt  to  negatively  affect  the  aesthetic  quality  of  Thorn- 
ton Creek's  North  Fork. 

Alternative  Plans  III  and  IV  both  received  positive  ratings  for 
environmental  factors  as  they  employ  storage  that  should  aid  water 
quality  and  assure  low-flow  conditions.  In  addition.  Alternative  Plan 
IV  requires  little  alteration  of  the  natural  stream.  Alternative  Plans 
I and  II  were  judged  to  be  detrimental  to  wildlife  and  vegetation  as 
well  as  negatively  affecting  aquatic  life.  Both  the  latter  alterna- 
tives require  extensive  alteration  of  the  natural  system.  All  four  al- 
ternative plans  are  judged  equally  difficult  to  implement  partially 
because  of  the  two  jurisdictions  involved  and  because  all  plans  rely 
upon  land  acquisition  which  is  judged  to  be  difficult  to  accomplish 
in  a developed  area.  Alternative  Plans  III  and  IV  are  based  upon  the 
concepts  which  have  been  promoted  by  residents  along  the  North  Fork, 
but  they  must  be  accomplished  in  the  inmediate  future  before  it  is 
necessary  to  channelize  or  line  the  remainder  of  the  North  Fork  of  Thorn 
ton  Creek,  All  four  alternative  plans  were  judged  to  be  consumptive  of 
resources.  Alternative  Plans  I and  II  received  the  maximum  negative 
total  in  this  category.  Alternative  Plan  III  has  the  only  land  require- 
ments that  would  have  some  multiple-use  potential,  although  it  is  not 
felt  to  be  significant.  All  four  alternative  plans  require  high  capital 
outlays  to  accomplish  their  suggested  systems. 

A critical  element  in  both  Alternative  Plans  III  and  IV  is  the 
proposal  to  use  natural  storage  areas  that  exist  at  this  time  within  the 
sub-area.  This  treatment,  if  it  is  to  be  part  of  the  chosen  alternative 
should  be  implemented  as  an  early  organized  effort  of  the  involved 
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agencies.  The  development  or  removal  of  these  storage  areas  will  force 
the  use  of  more  complex  drainage  control  features  than  either  Alterna- 
tive Plan  III  or  IV  contemplates.  Alternative  Plan  IV,  in  addition, 
relies  upon  control  of  runoff  from  new  development  that  is  limited  to 
25%  over  existing  conditions.  This  feature  will  have  little  impact 
upon  runoff  control  within  the  North  Fork  sub-area  as  development  is 
not  expected  to  increase  significantly  in  the  future.  Alternative  Plan 
IV  also  contemplates  the  purchase  of  upland  homes  to  prevent  flooding 
along  portions  of  the  North  Fork,  or  to  alleviate  the  need  for  channel- 
ization or  enlargement  of  existing  facilities.  The  cost  of  this  sug- 
gestion is  questionable  as  is  the  actual  benefit  received.  A possible 
alternative  to  this  portion  of  Alternative  Plan  IV,  would  be  the  acqui- 
sition of  those  homes  which  experience  flooding  problems  along  Thornton 
Creek  and  the  designation  of  lands  so  acquired  as  flood-plain  zones 
thereafter. 

CONCLUSIONS 


Alternative  Plans  III  and  IV  are  judged  to  be  superior  to  both 
Alternative  Plans  I and  II  because  the  use  of  upstream  storage 
within  the  North  Fork  sub-area  would  result  in  the  least  alteration  of 
the  natural  stream.  The  concepts  set  forth  in  Alternative  Plans  III 
and  IV  should  promote  water  quality  as  well  as  assure  low-flow  condi- 
tions within  Thornton  Creek. 

King  County  and  the  City  of  Seattle  should  establish  an  effective 
agreement  for  a master  drainage  plan  that  incorporates  the  provisions  of 
Alternative  Plans  III  or  IV.  The  two  agencies  involved  should  then 
move  to  acquire  the  necessary  storage  areas  within  their  own  jurisdic- 
tions. The  City  of  Seattle  should  have  primary  responsibility  for  con- 
trol of  drainage  and  flood  damage  within  the  North  Fork  sub-area,  and 
King  County  should  exercise  necessary  authority  within  its  boundaries. 

EARLY  ACTION 


In  addition  to  the  immediate  need  for  development  of  a drainage 
master  plan  and  designation  of  jurisdictional  leadership  within  this 
demonstration  area,  certain  physical  features  of  the  alternative  plans, 
presented  herein,  appear  to  be  generally  applicable  to  any  drainage  plan 
which  may  be  forthcoming  as  well  as  both  suitable  and  desirable  for 
early  implementation  within  the  next  10-year  period.  These  features  are 
presented  in  the  three  categories  previously  defined. 

FACILITY  RECOMMENDATIONS 


The  basic  recommendations  for  Thornton  Creek  are  preservation  of 
the  natural  drainage  system  and  alleviation  of  severe  flooding  problems. 

In  regard  to  the  North  Fork  of  Thornton  Creek,  many  property- 
owners  have  blocked  or  restricted  the  Creek  with  fences,  walls,  foot- 
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bridges,  etc.  These  constraints  should  be  removed  to  the  point  that 
the  resulting  creek  cross-section  will  be  uniform. 


Prior  to  making  a decision  as  to  an  alternative  drainage  plan 
for  the  Thornton  Creek  Demonstration  Area,  design  and  construction 
could  proceed  for  all  or  some  of  the  following  elements: 


Category  I - Common  Alternative  Elements 


Element  Number 


Proposed  Facility 

24"  pipe  - 3200' 
27"  pipe  - 1000* 


TOTAL 


Estimated 
Capital  Cost 

$131 ,000 
47,000 

$178,000 


Category  II  - Alternative  Elements  Common  in  Scope 
Element  Number  Proposed  Facility 


95 

holding  pond 

104 

Ronald  Bog 

41 

48" 

pipe  to  lined  channel 

43 

48" 

pipe  to  lined  channel 

44 

27" 

to  48"  pipe 

46 

27" 

to  42"  pipe 

48 

21" 

to  42"  pipe 

50 

24" 

to  42"  pipe 

79 

18" 

to  27"  pipe 

83 

36" 

pipe  to  channel 

97 

48" 

to  72"  pipe 

98 

24" 

to  78"  pipe 

99 

24" 

to  66"  pipe 

136 

24" 

to  48"  pipe 

138 

24" 

to  60"  pipe 

Category  III  - Response  to  Reported  Drainage  Problems 

None  in  addition  to  those  in  Categories  I and  II. 
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EVALUATION  MATRIX  thorntos  creek,  oemonstration  area 


RUNOFF  QUALITY  SUMMARY 
THORNTON  CREEK  DEMONSTRATION  AREA 


o 

a. 
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# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  col i form  which  is  in  MPN/lOO  ml. 


RUNOFF  QUALITY  SUf^MARY 
THORNTON  CREEK  DEMONSTRATiaN  AREA 


•A 
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# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  colifonn  which  is  in  MPN/lOO  ml. 


RU.NOFF  QUALITY  SUMMARY 
THORNTON  CREEK  DEMONSTRATION  AREA 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RUNOFF  QUALITY  SUMMARY 
THORNTON  CREEK  DEMONSTRATION  AREA 


# Less  than  a total  of  0.5  Inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RIBCO  URBAN  RUNOff  AND  BASIN  DHAINAt;^  STUDY 


1 

EXISTINC 

i EAClllTlES 

1 

NUMBtH  1 

1 

1 j 

' TVPf 

PIPE  DIAMETER 
OR  CMANNE  L 
BOTTOM  WIDTH 

U NOTH 

CMANNE 1 
SIDE  SI  OPES 
(Hot  1/  Vet!  1 

MAX 

DEPTH  OF 
CHANNE  L 

Thornton  Creek  Liemonstrdlion  Ared 


PHOPOSI  D I ACII  IllfS 


Parallel  I 30" 

Pipe  I 


Parallel  ' 42" 
Pipe 


fSriMAIt  D 
(.APrIAt  COST 


Parallel  I 42" 
Pipe  I 


$53,000 


Parallel  | 42" 
Pipe  I 


Parallel  i 50“ 
Pipe  I 


$59,000 


Parallel  60" 
Pipe 


$119,000 


Parallel  ' 42" 
Pipe 


$118,000 


Parallel  ' 66" 


Parallel  j 
Pipe 

i 60"  1 

j 

. j 

$154,000 

Replace- 
ment Pipe 

78"  ' 

$98,000 

1 

Parallel 

72" 

$9,000 

Replace- 
ment Pipe 

78"  1 

i 

$114,000 

Parallel 

21" 

$1,000 

79  Pipe 


33"  1,000' 


30"  1,500' 


78  Culvert  I 6 


60'  0 


Parallel  27 


( 

27" 

$66,000 

27" 

$47,000 

27" 

$71,000 

78" 

$22,000 

Thomton-f  1 


HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAOF  STUDY 


SiihHjtin  Thornton  CreeF  Oemonstratiofi  ArPa 


I XISTINU  FACIUIIFS 

f — . . , ^ 

PiPf  OtAMtTfH  CHANNK  I MAX 

fUMlNT  OHCHANNfl  SlDt  SlOPfS  lotPTHOF 

NUMB!  H I TVPt  BUTIOV  WIDTH  llNI.TH  , jCHANNFL  TVPf 


5'  Enlarged  13'  X 4.5 
Culvert 


PHOPOSFD  FACILITIES 


5'  Parallel  15'  X 5' 
Culvert 


FSTlMATf  D 
CAPITAL  COST 


42" 

$3,000 

42" 

$3,000 

42" 

$3,000 

36" 

$85,000 

115,000 


TlK)rnton-18 


RIBCO  URBAN  RUNOFF  AND  BASIN  [)HAlNAr,F  StUDY 


Thornton  Deiwnstralion  Ar»'a 


EltMlNT 
NUMRF  R 


EXISTING  FACUITlFS 

PIPE  OIAMFTFH  CMANNFl  MAX 

OR  CMANNU  SIDE  SLOPES  OF  PTH  Of 

TVPf  IbOTTOM  width  IFNGTH  Verl  ) CHANNU 


PROPOSF  D f ACM  Iflf  S 


Parallel  . b4" 
Pipe 


Parallel  ^ 24" 
Pipe 


Channel  ^2'  width 
' 3,5'  depth 
2: 1 side  slopes 

. ■ 6.5  width 

Channel  , 5, 

2:1  side  slopes 

Channel  I iS''“(iepth 

2;1  side  slopes 
Bank  protection 

, , , , r,  , ^20'  width 

1.0  1 Channel  ; 3.25* depth 

: 2:1  side  slopes 
Bank  protection 


Channel  ' 20'  width 
3.5'  depth 
: 2:1  side  slopes 

Channel  1 20'  width 

I 4.2*  depth 
2:1  side  slopes 


I MiMAU  ti 
CAPITA!  COST 


$123,000 


$13,0^' 


$15,000 


$41,000 


$45,000 


Channel 

20'  width  1 
4.25'  depth  ' 
2:1  side  slopes 

$80,000 

Channel  ^ 

20'  width 

2’  depth 

2:1  side  slopes 

$16,000 

Channel  | 

j 

i 

16’  width 
4'  depth 
2:1  side  slopes 
Bank  protection 

^ $71,000 

Channel 

20'  width 
5’  depth 

pro- 

tection 

$101,000 

Rectany. 
Cone . 
Channel 

6'  X 1' 

$147,000 

Rectany. 
Cone . 
Channel 

16'  width 
4'  depth 

$54,000 

1.5’  I Channel 


Paved 

Channel 


3‘  width 
3'  depth 
2:1  side  slopes 


20'  width 
J.5'  depth 
2:1  side  slopes 


:J  H- 


HIBCO  URBAN  HUNOU  AND  BASIN  DRAINAGE  STUDY 

Aiii-cwtivi-  - 1 Siiti  R.KII.  Thornton  Creek  Demonstration  Area 


i XlSTiNi 

1 

. E ACIl  (TIES 

J 

ttlM^NT 
NUMBT  « 

1 VPE 

PiP(  D'AMI  te  r 
OH  ( MANNE 1 
BOTTOM  AlDTM 

1 i NC,TH 

CHANNEL 
bUH  SLOPES 

IHor  ; Vert  1 

Max 

OEPTh  Of 

channe 1 

41 

— < 

Channel 

10' 

600' 

2:1 

Z.b 

49  Channel 


i9  Rectang. 
Cone . 
Channel 


300'  2:1 


Th*  ( C«pit«i  Co«t  for  elC'Tivnt  inclurtes  Contf«ctur  profit. 

«r>d  cor^tmgrrxies  In  «dcMion  larKl  purch«$e  and 
waranca  costs  ar«  includad  whtre  land  is  'equirad  Ail  costs  are  t>ased 
jpon  June  1973  pr«  es 


PHOPOSED  fACILlTlES 

TYPE 

ESTIMATED 
CAPITAL  COST 

Paved  1 

Channel  1 

] 

20'  width 
3.6'  depth 
2: 1 side  slopes 

$63,000 

Channel 

14'  width 
1.5  depth 
1 2.1  side  slopes 

$2,000 

Rectan9. 

Cone. 

Channel 

1 20'  width 
4'  depth 

1 

$48,000 

Total  Estimated  Capital  Cost  S2  *877 ,000 
Round  To  $2,900,000 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAOt  STUDY 
Aiipt.Miivi-  X* - Siih  RaMn  Thorn  ton  Creel;  Demonstration  Area 


FXISTINO  FACILITIES 


PIPE  DIAMI  Tl  R 
OR  CHANNEL 


CHANNEL  MAX 

SIDE  SLOPES  depth  OF 


Pipe  ; 

_ _ ] 

I 

18"  j 1,300* 

' 1 

h ~ ^ 

Pipe 

j 

18"  1 800' 

1 

Pipe 

j 24"  800' 

i 

137  |P1pe 


33"  1,000 


79  Pipe 


30"  1,500 


133  Pipe 


30"  1,000 


Parallel  27 
Pipe 


PROPOSE  0 EACH  ITIFS 

TYPE 

tSTlWATFO 
CAPtTAL  COST 

Paral lei 
Pipe 



30" 

U - - \ 

$69,000 

Parallel 

Pipe 

42" 

- . 1 

$63,000 

Parallel 

Pipe 

42" 

$63,000 

Parallel 

Pipe 

42" 

$79,000 

Parallel 

Pipe 

60" 

$59,000 

Parallel 

Pipe 

42" 

I 

$118,000 

1 

Paral lei 
Pipe 

1 

66" 

1 

$27,000 

[ 

Thornton -21 


RIBCO  UHBAN  HUNUFf  AND  BASIN  ORAINACl  STUDY 


■ " T 

f XlSTlNl 

1 fACHirifS 

(UM(NT 
NUMB(  R 

T>Pl 

PiPf  DtAMFTIR 
OR  CHANNtL 
eoTH)M.WVlOTH 

lENOI  1 

CHANNt  t 
SiDf  SLOPtS 

(MiKi/  Vrrt  ) 

MAX 

DtPTH  Of 
CMANNf  L 

PHOPObfD  F ACUITIES 


60  Pipe 


15“  3,2 


50  Culvert  2 


46  Culvert  2 


46  Culvert  2 


45  Chinnel  1.5'  X S' 


44  Culvert  24" 


78  Culvert 


60'  0 


76  Pipe 


72  Culvert  6 


70  Culvert  4.5 


61  Culvert  7 


107  Pipe 


Diversion 


Parallel  42“ 
Culvert 


Parallel  42 
Culvert 


Parallel  36 
Pipe 


Parallel  48 
Culvert 


r Parallel  54 
Culvert 


Parallel  54“ 
Culvert 


Enlarged  7'  X 4' 
Box 

Culvert 


Enlarged 

Box 

Culvert 


Parallel  54 
Pipe 


ESTIMATED 
CAPITAL  COST 


Parallel  ) 
Pipe  1 

24“ 

$147,000 

Diversion  ; 

Pipe  I 

) 

T 

O 
: O 
00  O 

O • 

ro 

$721,000 

1 

Diversion  | 

84" 

$266,000 

mallei 

24“ 

Ipe 

RIBCO  URBAN  RUNOFf  AND  BASIN  DHAINAGF  STUDY 


Thornton  Creek  Demonstration  Area 


EXISTING  TACILITIFS 

IPIPE  DIAMETER  CHANNEL  MAX 

ELEMENT  OR  CHANNEL  SIDE  SLOPES  DEPTH  OE 

NUMBER  1 TYPE  IbOTKIM  WIDTH  LENGTH  (h,„i/  Vett  I | CHANNE  I TYPE 


PROPOSE  D E ACIl  II  IE  S 


64  Channel  10 


Rectang. 

Cone. 

Channel 


Parallel  i 24" 
Pipe  ’ 


Parallel  ' 42" 
Culvert  1 


Diversion  74" 
Pipe  1.300' 


Diversion!  IDS' 
Pipe  ! 2,000' 


Channel  w'dth 

I 2.5'  depth 
j 2:1  side  slopes 


Channel  I U’  width 
I 3'  depth 
I 2:1  side  slopes 

Channel  j 12'  width 
I 3.5 ' depth 
I 2:1  side  slopes 

Channel  I Bank  protection  only 


18'  width 
4'  depth 
2:1  side  slopes 


! ESTIMATE  o 
I I.APiTAI  COSI 


I S123.000 


4'  Rectang. 
Cone . 
Channel 


$198,000 


$481,000 


I $6,000 


10'  width 
4'  depth 


$27,000 


$40,000 


$14,000 


Rectang . 
Cone . 
Channel 


2.5'  , 2,600' 


41  Channel  | 10' 


600'  1:1 


600'  2:1 


1'  Rectang. 

Cone. 
Channel 

3'  Channel 


2.5'  Channel 


6'  width 
r depth 


12'  width 

3'  depth 

2:1  side  slopes 

12'  width 
3'  depth 
2:1  side  slopes 


$57,000 


$15,000 


3'  I Channel 


12'  width 
3.5'  depth 
2:1  side  slopes 


$13,000 


6.5'  width 

5'  depth 

2:1  side  slopes 


15'  width 
2.7'  depth 

2:1  side  slopes  Includ- 
ing bank  protection 


20'  width 


2:1  side  slopes  Include 
Ing  bank  protection 


I 


RIBCO  URBAN  RUNOfF  AND  BASIN  DRAINAGE  SToDY 


Alter  Mdtfve 


Sul)  Hjmm 


Thornton  Creek  Uenionstration  Area 


EXISTING  EAClllTlES 

PROPOSED  EACILITIES 

ELtMENT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

length 

CHANNEL 
SIDE  SLOPES 
IHori/  Vert  ) 

MAX 

DEPTH  Of 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

55 

Channel 

3’ 

600' 

1:1 

3' 



Channel 

3'  width 
3'  depth 
2: 1 side  slopes 

$9,000 

57 

Channel 

3' 

1,000' 

1:1 

Channel 

10'  width 
1.5'  depth 
2:1  side  slopes 

$25,000 

49 

Channel 

10' 

300' 

2:1 

Channel 

14'  width 
1.5'  depth 
2:1  side  slopes 

$2,000 

Inlet  and 
Outlet 
Struc . 

17  culverts 

$115,000 

— 

— 



1 

Th«  Fttrmated  Capital  Cost  for  each  element  mclu'ies  Contractor  profit, 
engineering,  legal  ar>d  contingencies  In  addition,  land  purchase  and 
severarKe  costs  are  irKiuded  ^here  land  is  required  AM  costs  are  based 
upon  June  1973  prices 


Total  Estimated  Capital  Cost 
Round  To 


t4, 493, 000 
$4,500,000 


Thom  ton-24 


HI8C0  URBAN  RUNOFF  ANU  BASIN  ORAlNAGt  STUDY 


SuhR.t<iin  Thornton  Creek  Demonstration  Area 


PROPOSFO  FAciimes 


FSTIMATEO 
CAPITA!  COST 


125  j 

Pipe  1 

1 

30" 

1,000' 

1 

1 

’ 1 

106  i 

Pipe 

42" 

500' 

! 

Parallel  ( 
Pipe  i 

30" 

$69,000 

Parallel  1 
Pipe 

1 

42" 

$63,000 

Parallel  I 
Pipe 

42" 

$63,000 

Parallel  ' 
Pipe 

42"  ] 

$77,000 

Parallel  | 
Pipe 

- 1 

60"  1 

$59,000 

1 

Parallel  ' 
Pipe  1 

1 

p~  1 

60" 

$119,000 

Parallel  ' 
Pipe 

42" 

$118,000 

1 

Parallel 

I 

30" 

$11,000 

HIBCO  URBAN  HUNOFf  AND  BASIN  DRAINAQF  STUDY 


Thornton  Creek  Uemonslration  Area 


PIPE  DIAMETER 
OR  CHANNEL 


EXISTING  FACILiriFS 

AMETER  I CHANNEL  | MAX 

HANNEL  SIDE  SLOPES  | DEPTH  OF 


76 

Pipe 

48" 

40' 

. 

72 

Culvert 

6' 

60' 

0 

4' 

70 

Culvert 

4.5' 

40' 

0 

4' 

B3  Channel  15'  1,100'  2;1 


77  Channel  8'  1,200'  1:1 


134  Channel 


PROPOSfD  fAC(UTtfS 

TYPf 

fSTiMATFD 
CAPITAI  COST 

Parallel 

Pipe 

42" 

$3,000 

Enlarged 

Box 

Culvert 

6.5'  X 4' 

$10,000 

Enlarged 

Box 

Culvert 

6.5'  X 4' 

$10,000 

i 

Enlarged 

Box 

Cul vert 

1 

8'  X 4.5' 

$8,000 

Parallel 

Culvert 

1 

42" 

$5,000 

Parallel 

Pipe 

27" 

$47,000 

Parallel 

Culvert 

24" 

— 

$2,000 

24" 

$131,000 

Parallel 

Pipe 

21" 

$1,000 

Parallel 

Pipe 

27" 

$2,000 

Parallel 

Culvert 

27" 

$2,000 

Parallel 

Pipe 

24" 

$123,000 

Channel 

16'  width 
r depth 

2:1  side  slopes  includ- 
ing bank  protection 

$15,000 

Channel 

16'  width 
2'  depth 
2:1  side  slopes 

$7,000 

Channel 

9'  width 
2.5'  depth 
2:1  side  slopes 

$10,000 

Channel 

8'  width 
3'  depth 
2:1  side  slopes 

$4,000 

Thomton-26 


RIBCO  UmiAN  RUNOff  AND  BASIN  DHAINAGF  STUDY 


HI 


^)tJh  Hrfsm 


Thornton  Creek  Ue»Tx>nstrdtion  Area 


txisriMG  fACiimis 

PROPOSE  D EACH  (TIES 

tUMtNT 
NUMBf  H 

TYPF 

PiPF  DIAME  T{  p 
OR  CMANNFL 
BOTTOM  WIDTH 

UNGTM 

CHANNEL 
sun  51  OPES 

(Hon/  Vert  \ 

MAX 

Ul PTH  OF 
CHANNF  1 

TYPE 

ESTIMATE  D 
LAPITAI  COST 

75 

1 

Channel 

4.5' 

1.600' 

1:1 

3' 

Channel 

14'  width 
3'  depth 
2:1  side  slopes 

$39,000 

69 

Channel 

15' 

1.500' 

1:1 

4' 

Channel 

Bank  protection  only 

$24,000 

64 

Channel 

10' 

1.200' 



1:1 

3' 

Channel 

Bank  protection  only 

$60,000 

6Z 

Rectang . 
Cone . 
Channel 

6' 

300' 

4' 

Reetang. 

Cone. 

Channel 

10'  width 
4'  depth 

$14,000 

57 

Channel 

3' 

1.000' 

1:1 

1.5' 

Channel 

8'  width 
1.5'  depth 
2:1  side  slopes 

$10,000 

49 

Channel 

10' 

300' 

2:1 

1.5' 

Channel 

14'  width 
1.5'  depth 
2:1  side  slopes 

$2,000 

43 

Channel 

5' 

600' 

1:1 

2' 

Paved 

Channel 

14'  width 
3’  depth 
2:1  side  slopes 

$53,000 

41 

Channel 

10* 

. 

600’ 

2:1 

2.5’ 

Rectang. 

Cone. 

Channel 

14'  width 
3'  depth 

$27,000 

39 

Rectang. 
Cone . 
Channel 

10* 

600* 

4' 

Rectang . 

Cone. 

Channel 

ir  width 
4'  depth 

1 

$26,000 

- 

Inlet  and 
Outlet 
Struc . 

18  culverts 

$86,000 

104 

Ranald  Bogj 
(Natural  Retention 

Inly) 

Holding 

Pond 

17.5  AF 

$180,000 

L .... 

95 

L 

(Existing 
(Natural  R 

ond 

'tentlon 

Inly) 

Holding 

Pond 

7.80  AF 

$172,000 

151 

Jackson  Pa 

•k  Golf  C 

)urse 

Holding 

Pond 

27.5  Af 

$37,000 

152 

None 

(Potential 

County  P 

irk  Site) 

n 

Holding 

Pond 

4 AF 

$11,000 

153 

None 

— 

Holding 

Pond 

2.8  AF 

$127,000 

155 

None 

— 

Holding 

Pond 

2.3  Af 

$195,000 

fh^  I C«pit«l  Cmi  U)t  rl<>m(pf>t  trw  iudn  Contr«.tcif  profit. 

•^■<^*ven  inn.  4fKl  cominqprK  »Ti  In  4(MitK>r>.  land  pun  haw  arid 

rrwu  arr  (ncludad  wh#t^  lartrl  it  required  All  cottt  art  tMnad 
■ipiK)  Jiiria  19/1  pricn 


T ntal  ( stirnaipd  Capital  Cost  tZ. 513. 000 
Hi.unrt  In  $2,500,000 


Thorn  ton -27 


HIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Aiie.native  _ 11 Sul.  R.mi.  Thornton  Greet  Demonstration  Area 


FXJSTING  FACILITIES 

PROPOSED  FACUITIFS 

tLFMENT 

NilWBFH 

TYPE 

PIPE  DIAMtTFR 
OR  CHANNEL 
BOTTOM  WIDTH 

LENLiFH 

CHANNEL 
SIDF  SIOPFS 
(Hon/  Vert  I 

MAX 

DEPTH  Of 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

104 

Ronald  Bo 

Holdinq 

Pond 

13  AF 
13  acres 
Pump 

$48,000 

95 

Small  lak 

with  uncontr 

illed  out 

let 

Holding 

Pond 

19.9  AF 
2 .6  acres 
Pump 

$287,000 

200 

None 

L 

Holding 

Pond 

12.4  AF 

2.4  acres 

Pump  and  outlet  pipe 

$312,000 

201 

None 

r 

Holding 

Pond 

10.8  AF 
2.1  acres 
Pump 

$229,000 

202 

None 

1 

Holding 

Pond 

22  AF 
4.3  acres 

Pump  and  outlet  pipe 

$449,000 

203 

None 



Holding 

Pond 

20.2  AF 
3.8  acres 

Pump  and  outlet  pipe 

$403,000 

204 

None 

1,300' 

T 

i 

Holding 

Pond 

16.3  AF 
3.1  acres 

Pump  and  outlet  pipe 

$337,000 

105 

Pipe 

24" 

1,500' 

r 

Parallel 

Pipe 

24" 

$61,000 

136 

Pipe 

12" 

1,500* 

1 

Parallel 

Pipe 

48" 

$137,000 

79 

Pipe 

30" 

1,500' 

Parallel 

Pipe 

24" 

$61,000 

133 

Pipe 

30" 

1,000' 

Parallel 

Pipe 

24" 

$41,000 

41 

Channel 

10' 

600' 

2:1 

2.5' 

Diversion 

Pipe 

48" 

$55,000 

59 

Box 

Culvert 

2.5' 

2,600' 

0 

I ' 

Diversion 

Pipe 

24" 

$106,000 

139 

Pipe 

18" 

1,000' 

Parallel 

Pipe 

36" 

$65,000 

205 

None 

Holding 

Pond 

1 AF 
1 acre 

Pump  and  outlet  pipe 

$91,000 

206 

None 

Holding 

Pond 

22  AF 
4.3  acres 

Pump  and  outlet  pipe 

$448,000 

99 

Pipe 

36" 

200' 

Parallel 

Pipe 

24" 

$8,000 

Thom  ton-28 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 

AitPtnj.tii/1-  IV SiihRjsm  Thomton  Creek  Demonstration  Area 


EXISTING 

i FACILITIES 

ELEMENT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNEL 
SIDE  SLOPES 
{Honz  VeM  ) 

MAX 

depth  OF 
CHANNEL 

PROPOSED  FACILITIES 

TYPE 

ESTIMATED 
CAPITAL  COST 

1,100' 

2:1 

1.5' 

1,000' 

1:1 

1.5' 

Parallel  24" 
Pipe 


1.3'  Diversion  24" 
Pipe 


Parallel.  48" 


e 


Diversion  36" 
Pipe 


Diversion  [ 
pe 


600'  I 1:1 


2'  Diversion  48" 
Pipe 


$25,000 


$72,000 


•vnamt  inrUjrtM  Contractor  profit. 
' mthtmm  t«nrl  purchJi#  and 
I •«  •mipftwtt  AM  rottt  ara  bawd 


Total  Eilimatad  Capital  Co«t  537  QOO 
Round  To  $3,500,000 


Thornton-29 


902 


REGIONAL  SUB-BASIN  C-14 


KELSEY  CREEK  DEMONSTRATION  AREA 
GENERAL  DESCRIPTION 


The  Kelsey  Creek  sub-area  is  a portion  of  the  Mercer  Slough 
Sub-Basin.  Kelsey  Creek  is  located  between  Lake  Washington  and  Lake 
Sammamish  within  the  northeast  quadrant  formed  by  the  intersection  of 
Interstate  90  and  Interstate  405.  The  sub-area  lies  generally  in  a 
north-south  direction  with  two  tributaries  draining  areas  of  north 
and  central  Bellevue,  and  Redmond.  The  City  of  Bellevue  has  jurisdic- 
tion over  most  of  this  sub-area,  with  the  northern  fringe  area  being 
controlled  by  Redmond. 

Geography  of  the  sub-area  is  typical  of  the  central  Puget 
Sound  region  with  moderately  rolling  hills,  gullies,  and  wetlands. 
Elevations  range  from  over  500  ft.  to  approximately  20  ft.  above  sea 
level  before  entering  Mercer  Slough.  Principal  streams  of  the  system 
are  Kelsey  Creek  and  Valley  Creek. 

Streams  Category  Drainage  Area  Discharge 

Kelsey  Creek  III  9.4  sq.  mi.  Mercer  Slough 

Valley  Creek  III  2.6  sq.  mi.  Kelsey  Creek 

Present  development  is  a mixture  of  residential,  comtiercial , 
industrial,  institutional  and  transportation  uses,  plus  some  agricul- 
tural, public  open  space  and  vacant  land.  This  sub-area  has  passed  the 
50%  development  mark. 

PERCENT  OF  SUB-AREA  IN  SPECIFIED  LAND  USE 


P.S.G.C.  Land  Use  Projection 


Land 

Use 

Existing 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

45 

45 

47 

Multiple  Family 

5 

10 

5 

Commercial /Services 

15 

20 

15 

Govt,  and  Educ. 

3 

5 

3 

Industrial 

10 

17 

15 

Parks/Dedicated  Open  Space 

5 

2 

14 
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P.S.G.C.  Land  Use  Projection 


Land 

Existing 

Use 

(1970-72) 

Comprehensive 

Corridor 

Agricul ture 

2 

Airports,  Railyards, 
Freeways,  Highways 

1 

1 

1 

Unused  Land 

14 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

40 

55 

50 

Patterns  of  land  use  in  this  sub-area  are  defined  and  future 
development  should  tend  to  fill  in  the  voids.  Massive  development  pro- 
jects, such  as  the  proposed  Evergreen  East,  without  adequate  runoff 
controls,  will  greatly  impact  the  drainage  system. 

The  PS6C  year  2000  Comprehensive  and  Corridor  Plans  both  project 
100%  development  within  the  sub-area,  with  significant  increases  of 
commercial  and  industrial  land  use. 

Public  concern  over  the  future  of  Kelsey  Creek  is  intense.  The 
City  of  Bellevue,  with  jurisdictional  control  over  most  of  the  water- 
shed, recently  designated  Kelsey  Creek  as  part  of  a drainage  utility 
system  that  will  make  use  of  the  various  streams  and  wetlands  in  Belle- 
vue in  their  natural  state.  Interest  in  the  Kelsey  Creek  system  as  a 
natural  element  to  be  preserved  is  expressed  by  the  continuing  involve- 
ment of  the  Bellevue  Citizens  Advisory  Committee  on  Stream  Resources, 
a group  created  by  the  Bellevue  City  Council. 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 


The  existing  drainage  system  is  a combination  of  the  natural 
streams,  one  lake,  wetland  areas  and  extensive  structural  facilities, 
including  curbs,  gutters,  culverts  and  pipes. 

Kelsey  Creek  has  a diminishing  potential  as  an  urban  greenway 
because  development  encroaches  upon  the  streambanks.  The  stream  has 
been  incorporated  into  development  of  numerous  residential  properties 
and  access  along  the  stream  is  inhibited  by  barriers  such  as  bridges, 
culverts  and  fences.  There  is  an  existing  population  of  cutthroat 
trout  and  coho  salmon  that  require  high-quality  water  for  survival. 
However,  other  stream  life  evident  in  the  system  is  of  the  pollution- 
tolerant  variety  that  indicates  a degradation  of  stream  ecology.  The 
sub-area  is  served  by  Metro  for  sanitary  sewerage. 
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DRAINAGE  PROBLEMS 


The  Kelsey  Creek  sub-area  has  experienced  problems  of  flooding 
and  erosion.  Flooding  problems  are  mainly  located  on  the  tributaries 
to  the  main  channel.  Control  of  unwise  development  practices  has 
eliminated  the  major  cause  of  erosion  and  sedimentation  wi>,hin  Kelsey 
Creek.  Streambank  erosion  has  been  experienced  along  Kelsey  Creek 
in  the  Glendale  golf  course,  and  bank  protection  has  been  placed  at 
several  locations  by  the  property  owner. 

Major  flooding  occurs  in  the  Larson  Lake  area  and  adjacent  to 
148th  Street  between  Main  Street  and  the  148th  Street  culvert  north 
of  N.E.  8th  Street.  Flooding  occurs  both  as  surcharging  of  existing 
storm  drains  and  as  overbank  flooding  of  the  creek  channel. 

Both  the  year  2000  Comprehensive  and  Corridor  Land-Use  plans 
indicate  further  urbanization  of  the  Kelsey  Creek  sub-area.  No  signi- 
ficant hydrologic  difference  exists  between  the  Comprehensive  and 
Corridor  Land  Use  Plans.  Therefore,  the  drainage  alternatives  pre- 
sented herein  are  applicable  to  both  plans.  The  existing  drainage 
problems  will  become  more  severe  because  of  increases  in  impervious 
areas  and  faster  runoff.  The  total  impervious  area  in  this  sub-area, 
with  either  land  use  projection,  will  increase  from  an  existing  401. 
level  to  approximately  50%  as  shown  in  the  table  of  projected  land  uses 

Analyses  indicate  flooding  potential  in  the  area  of  148th  Street 
and  the  Bel levue-Redmond  Road,  and  ponding  is  predicted  at  N.E.  24th 
on  Valley  Creek.  Flooding  at  most  road  culverts  along  the  west  tri- 
butary of  Kelsey  Creek  is  predicted.  The  ponding  behind  these  road 
culverts  prevents  major  overbank  flooding  problems  in  the  lower  reaches 
The  lower  portion  of  Kelsey  Creek  and  its  west  tributary,  which  runs 
into  the  marsh  area  above  1-405,  has  a wide  flood  plain  because  of  the 
flat  terrain  and  dense  vegetation.  Projections  of  future  drainage 
problems  indicate  an  intensification  of  existing  problems,  plus  a few 
additional  problems  in  both  the  Larson  Lake  area  and  above  N.E.  20th. 

Reported  property  damages  obtained  from  local  agencies  placed 
the  average  annual  loss  for  Kelsey  Creek  sub-area  at  $9,640. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 


As  cited  above,  the  City  of  Bellevue  has  designated  Kelsey  Creek 
in  its  natural  state  as  part  of  the  City's  drainage  utility.  The 
utility  would  assess  all  sub-area  property  owners  a monthly  service 
charge  for  introducing  runoff  from  impervious  surfaces  into  the  system. 
The  City  also  is  considering  alternative  land-use  plans  based  upon 
watershed  drainage  characteristics.  The  execution  of  thes‘'  actions  is 
critical  as  the  Kelsey  Creek  system  is  in  a deteriorating  state. 
Bellevue  also  has  a unique  "clearing  and  grading"  ordinance  that  re- 
quires control  of  runoff  from  properties  being  developed. 
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AO-A042  166 


KCM-WRE/YTO  SEATTLE  WASH  r/«  m/m 

environmental- PLAMNIN6  FOR  THE  METROPOLITAN  AREA  CE0AR-6REEN  Rx4eTC(U) 
DEC  74  OACW67-73-C-0022 


Bellevue  advocates  retention  of  wetlands  and  the  development 
of  areas  that  provide  open  space  during  dry  periods  and  act  as  detention 
ponds  and  storage  areas  during  storm  periods.  The  use  of  watershed 
management,  flood-plain  zoning,  and  storm  water  diversion  also  are  con- 
sidered important  components  of  the  drainage  system. 

Staff*  members  from  the  City  of  Bellevue  Public  Works  Department 
have  reviewed  the  initial  alternative  plans  for  drainage  developed  by 
this  RIBCO  study  for  the  Kelsey  Creek  sub-area. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  the  Kelsey  Creek  sub-area  as 
described  by  local  agencies,  was  evaluated  by  computer  simulation  that 
applied  the  region's  10-year  storm  to  the  year  2000  land  use.  Drain- 
age problems  thus  identified  were  analyzed  and  possible  solutions  were 
provided  in  development  of  alternative  plans  for  drainage  control  as 
described  below. 

ALTERNATIVE  PLAN  I 


General  Concept 

The  general  concept  of  Alternative  Plan  I is  continuation  of 
present  trends.  This  involves  channelization  of  the  creek,  increasing 
culvert  and  bridge  sizes  and  increasing  storm  drain  sizes  to  pass  peak 
flows  as  indicated  by  the  future  land-use  plan,  unrestricted  and  un- 
controlled. This  alternative  will  relieve  all  present  and  future  pre- 
dicted system  constraints  and  will  thereby  generate  significantly 
higher  ryioff  rates.  This  alternative  is  presented  as  a reference 
point  to  judge  future  alternatives. 

*Hajor  Features 

The  major  portion  of  the  Kelsey  Creek  drainage  system  will 
require  alteration  in  some  manner.  In  the  Larson  Lake  area,  most 
storm  drains  will  require  enlargement  as  will  culverts  and  channels. 
Some  steeply-sloped  channels  will  require  streambank  protection. 

The  drainage  system  in  the  148th  Street/Bel levue-Redmond  Road 
area  will  require  enlargement.  On  Valley  Creek  various  culverts  will 
need  to  be  enlarged  and  streambank  protection  provided.  Some  channel 
improvements  will  be  required  below  the  confluence  of  Valley  Creek 
and  Kelsey  Creek.  The  west  tributary  of  Kelsey  Creek  also  will 
require  improvement. 

Cost 


The  cost  for  Alternative  Plan  I is  estimated  to  be  $4,000,000. 
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ALTERNATIVE  PLAN  II 


General  Concept 

The  general  concept  of  Alternative  Plan  II  is  to  provide 
relief  of  existing  drainage  problems  by  providing  adequate  storage 
and  by  requiring  on-site  runoff  control  to  limit  future  flows  through- 
out the  watershed. 

Major  Features 

Six  major  holding  ponds  will  be  used  to  attenuate  downstream 
flows  in  order  to  lessen  the  impact  upon  downstream  facilities.  The 
ponds  are  located  in  areas  that  usually  retain  water  under  existing 
conditions.  Modifications  will  need  to  be  made  to  provide  control  of 
the  storage  in  these  areas.  The  pond  locations  on  Kelsey  Creek  are 
the  Larson  Lake  area,  148th  between  N.E.  8th  and  Main  Street,  and 
between  148th  and  N.E.  8th.  Valley  Creek  will  have  a pond  above  N.E. 
24th  Street.  The  pond  locations  on  the  west  tributary  will  be  above 
the  Bellevue-Redmond  Road  and  above  N.E.  8th. 

One  additional  detention  area  is  required  adjacent  to  the 
Sears-Roebuck  facility  north  of  20th  Street.  The  site  presently  holds 
water  and  is  a natural  wetlands  area.  Special  construction  is  not  en- 
visioned, but  the  area  should  not  be  allowed  to  develop  without  re- 
placement of  the  storage  capacity  that  presently  exists. 

On-site  runoff  control  should  be  required  for  all  future  deve- 
lopment so  as  to  maintain  runoff  rates  at  present  levels.  This  will 
relieve  the  increased  problems  that  were  predicted  under  the  future 
land-use  plans. 

Flood-plain  zoning  will  be  provided  where  streams  would  overflow 
their  low-flow  channels  but  would  not  encroach  upon  existing  developed 
areas. 


Streambank  protection  has  not  been  included  in  this  alternative 
because  the  flows  will  be  sufficiently  controlled.  Previous  erosion 
problems  are  not  expected  to  occur  again  as  property  owners  have  re- 
paired and  protected  their  streambanks  after  the  March  1972  storm, 
which  produced  the  peak  flow  of  record  on  Kelsey  Creek. 

Cost 

The  cost  for  Alternative  Plan  II  Is  estimated  to  be  $900,000. 
PEAK  FLOW  COMPAR I SONS 


The  following  table  Indicates  10-year  peak  flows  with  existing 
facilities  and  land  use,  and  with  alternative  drainage  management  solu- 
tions for  the  year  2000. 
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COMPARISON  OF  10-YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Existing  Land  Use 


Location  1 

Existing 

-acilities 

Existing 

Facilities* 

Alternative 
Plan  I 

Alternative 
Plan  II 

Outlet  of  Larson 
Lake  area 

105 

105 

335 

50 

Kelsey  Creek  at  148th 

- 

165 

625 

50 

Mouth  of  Valley  Creek 

50 

175 

700 

200 

Kelsey  Creek  at 
N.E.  8th 

- 

- 

1220 

240 

West  tributary  at 
Bellevue-Redmond  Road 

30 

30 

260 

30 

West  tributary  at 
N.E.  8th 

95 

95 

475 

90 

Mouth  of  Kelsey  Creek 

400 

415 

1750 

425 

* Note  flows  constricted  by  upstream  flooding 
ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 


Field  inspections  were  made  to  judge  applicability  of  the  sug- 
gested alternative  plans  for  this  sub-area.  This  procedure  was  fol- 
lowed throughout  the  RIBCO  Study  for  development  of  alternative  plans 
for  the  various  regional  sub-basins.  The  inspections  were  based  upon 
the  alternative  evaluation  procedure  which  identified  34  unique  criteria 
grouped  in  general  categories  as  follows:  1)  Effectiveness,  2)  Human 

Values,  3)  Environmental  Factors,  4)  Implementation, and  5)  Resource 
Requirements.  The  various  structural  solutions  were  checked  against 
the  appropriate  criteria  and  the  various  non-structural  solutions  were 
reviewed  for  their  relationship  to  existing  and  probable  future  deve- 
lopments. The  criteria  rating  total  for  Alternative  Plan  I,  which  em- 
ploys channelization  and  streambank  protection,  was  a minus  32  on  a 
scale  ranging  from  positive  108  to  negative  108.  The  total  evaluation 
rating  for  Alternative  Plan  II,  which  employs  runoff  control,  storage, 
some  channelization  and  flood-plain  zoning,  was  a plus  67.  Alternative 
Plan  II  is  Judged  to  be  superior  for  effectiveness  of  runoff  control 
based  upon  its  overall  reliability  and  minor  consequences  of  overcharge. 
It  also  provides  positive  erosion  and  sedimentation  control  as  well  as 
allowing  maximum  flexibility  for  future  system  alteration.  Both  alter- 
native plans  received  positive  ratings  for  promotion  of  human  values. 
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although  Alternative  Plan  II  was  superior  in  this  regard.  Alterna- 
tive Plan  II  offers  multiple-use  potential  and  will  provide  greenway 
potential  because  of  the  flood-plain  zoning.  The  aesthetic  qualities 
of  Alternative  Plan  II  are  judged  to  be  superior  to  those  of  Alterna- 
tive Plan  I. 

The  two  alternative  plans  received  widely  divergent  scores  for 
environmental  factors.  Alternative  Plan  II  received  a nearly  perfect 
score  because  of  the  promotion  of  water  quality,  the  assurance  of  low- 
flow  conditions,  the  potential  for  groundwater  recharge,  minimal  alter- 
ation of  the  natural  system  and  the  positive  enhancement  of  wildlife, 
aquatic  life  and  vegetation.  In  contrast.  Alternative  Plan  I is  be- 
lieved to  be  potentially  harmful  to  wildlife,  aquatic  life  and  vege- 
tation because  it  requires  major  alteration  of  the  natural  system. 
Alternative  Plan  I would  have  questionable  impact  upon  water  quality 
and  low-flow  conditions.  Both  alternative  plans  are  judged  to  be 
relatively  difficult  to  implement,  even  in  light  of  the  recently  created 
drainage  utility  in  the  City  of  Bellevue.  Some  runoff  enters  the  sys- 
tem from  outside  the  City  of  Bellevue,  therefore  additional  legisla- 
tion would  be  required  and  both  systems  require  relatively  extensive 
land  acquisition.  Alternative  Plan  II,  in  addition,  would  be  severely 
impacted  if  it  was  not  implemented  in  the  immediate  future.  This  is 
a result  of  the  continuing  deterioration  of  the  Kelsey  Creek  natural 
system  and  the  continuing  encroachment  upon  the  wetlands  which  are  a 
vital  part  of  this  solution. 

Alternative  Plan  II  received  a positive  rating  for  resource 
requirements  because  it  requires  little  expenditure  of  energy  or  mater- 
ials while  allowing  a multiple-use  of  land.  Alternative  Plan  I re- 
ceived the  lowest  possible  score  in  this  category  because  it  requires 
extensive  energy  and  material  requirements  in  addition  to  single- 
purpose use  of  land  and  extensive  capital  outlay. 

There  are  known  trade-offs  with  both  alternatives.  Alternative 
Plan  I would  sacrifice  the  natural  system  for  the  ability  to  develop 
more  intensive  land  uses  within  this  sub-area.  Alternative  Plan  II 
requires  flood-plain  zoning  and  designation  of  major  wetland  areas  to 
achieve  effective  runoff  control.  The  designation  of  these  flood-plain 
areas  would  effectively  remove  them  from  any  future  intensive  land  uses 
typical  of  urbanized  areas. 

CONCLUSIONS 


Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I 
because  of  its  ability  to  utilize  remaining  natural  features  of  the 
Kelsey  Creek  system.  Alt^*rnative  Plan  II  does  require  immediate  action 
to  protect  and  preserve  these  natural  features.  As  pointed  out  above, 
this  would  require  control  of  runoff  at  or  near  existing  rates  for  any 
new  development  and  the  designation  of  necessary  flood  plains  and  access 
or  easement  to  the  numerous  wetlands  that  are  elements  of  this  system. 
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The  cities  of  Bellevue  and  Redmond  should  establish  an  effec- 
tive agreement  for  development  of  a master  drainage  plan  that  incor- 
porates provision  of  Alternative  Plan  II.  The  above  cited  agencies 
should  then  move  to  implement  and  enforce  the  required  runoff  controls 
and  flood-plain  zoning  within  their  own  jurisdiction,  as  well  as  secur- 
ing the  rights  or  easements  to  the  necessary  wetland  areas. 

Two  basic  issues  exist.  One  is  which  agency  or  agencies  will 
have  jurisdiction  and  responsibility  for  control  of  urban  runoff  and 
related  flood  damage  problems,  and  the  second  is  the  use  of  natural 
system  versus  a conversion  to  a primarily  man-made  system.  Regarding 
the  first  issue,  the  City  of  Bellevue  should  have  primary  responsibili- 
ty for  control  of  drainage  and  flood  damage  for  the  Kelsey  Creek  system, 
but  the  City  of  Redmond  should  control  flood-plain  zoning,  within  its 
boundaries  as  well  as  exercise  enforcement  power  for  runoff  control. 

The  second  issue  has  been  addressed  by  the  City  of  Bellevue  in  the 
creation  of  its  drainage  utility.  The  development  of  the  master  drain- 
age plan  will  determine  what  portion  of  the  natural  system  will  be 
utilized.  Agreement  will  still  be  necessary,  however,  with  the  City 
of  Redmond  to  assure  that  runoff  from  that  jurisdiction  is  compatible 
with  the  design  limitations  as  proposed  in  Alternative  Plan  II. 

EARLY  ACTION 


In  addition  to  the  imnediate  need  for  development  of  a drainage 
master  plan  and  designation  of  jurisdictional  leadership  within  this 
demonstration  area,  certain  physical  features  of  the  alternative  plans, 
presented  herein,  appear  to  be  generally  applicable  to  any  drainage 
plan  which  may  be  forthcoming  as  well  as  both  suitable  and  desirable  for 
early  implementation  within  the  next  10-year  period. 

FACILITY  RECOMMENDATIONS 


The  emphasis  of  the  recommendations  is  to  preserve  and  enhance 
the  existing  natural  drainage  system  as  indicated  in  Alternative  Plan  II. 
Specific  early  implementation  items  should  be: 

1.  Acquire  options  to  purchase  those  larger-sized  wetlands  that 
presently  function  as  detention  basins. 

2.  Proceed  toward  the  construction  of  the  following  drainage 
system  elements: 
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Category  I - Common  Alternative  Elements 

Element  Number  Proposed  Facility 

158  channel,  3'  bottom  width,  2:1 
side  slope,  3'  depth 

174  channel,  2.5'  bottom  width,  2:1 
side  slope,  2.5'  depth 

TOTAL 

Category  II  - Alternative  Elements  Common  in  Scope 
None 

Category  III  - Minor  Reported  Drainage  Problems 
None  in  addition  to  those  in  Category  I. 


Estimated 
Capital  Cost 

$ 9,000 
1,000 
$10,000 
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EVALUATION  MATRIX  kelsey  creek  oehonstration  area 


RUNOFF  QUALITY  SUMMARY 
KELSEY  CREEK  DEMONSTRATION  AREA 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RUNOFF  QUALITY  SUfWARY 
KELSEY  CREEK  DEMONSTRATION  AREA 


# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  ^f*N/100  ml. 


a.BCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


EXISTINC 

T FACILITIES 

ELf  MFNT 
NUA1BE  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

CHANNEL 
SIDE  SLOPES 
LENtiTH  (Hofi/  VerT  ) 

MAX 

depth  of 
CHANNEL 

151 

Culvert  j 

84" 

t 

100' 

PROPOSE  D FACILITIES 

TYPE 

r ■■  ■ 

ESTIMATED 
CAPITAL  COST 

Parallel 

Pipe 

[ 27" 

1 

$54,000 

Parallel 

Pipe 

36" 

1.  - . - -- 

$82,000 

Channel 

2.5'  widtn 
2,5'  depth 
2:1  side  slopes 

$1,000 

Replace- 

ment 

Culvert 

36" 

$9,300 

Channel 

[ 4'  width 
6'  denth 
2:1  side  slopes 

SI7.Q0J 

Paral lei 
Pipe 

1 

21"  1 

i 

$34,000 

Paral lei 
Pipe 

27"  i 

1 

$43,000 

Channel 

3'  width 
3'  depth 
2:1  side  slopes 

$9,000 

1S4 

Culvert 

24" 

50* 

153 

Channel 

3' 

550' 

1:1 

3* 

Channel  20'  width 
3'  depth 
2:1  side  slopes 


Parallel  12" 
Pipe 


Replace- 

ment 

Culvert 

12'  * 3' 

$7,000 

Channel 

15'  width 

3'  depth 

2:1  side  slopes 

$5,000 

RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


aiih„«i,v-  _ L s„i,  Kelsey  Creek  Demonstration  Area 


EXISTING  FACILITIES 

PROPOSE  D EACH  ITIES 

ELIMENT 
NUMBt  H 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

LENGTH 

CHANNEL 
SIDE  SLOPES 
(Hon/  Vert) 

MAX 

DEPTH  OE 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

140 

Cu 1 ve  rt 

36" 

lOU 

Replace- 
ment 
Cu 1 ve  rt 

13'  X 3' 

1 

$48,000 

137 

Culvert 

42" 

24' 

Rep  1 ace  - 

ment 

Culvert 

8‘  X 6* 

SS.'JOO 

136 

C funnel 

6' 

900' 

.5:1 

7' 

Channel 

6'  width 
7'  depth 
2:1  side  slopes 
Streambank  protection 

$108,000 

134 

Pipe 

18" 



160' 

Replace- 

ment 

Pipe 

36" 

$10,000 

120' 

0 



3.8' 

Replace- 
ment 
Cul  vert 

8'  X 7' 

$50,000 

104 

Culvert 

12' 

176' 

Aren 

1 

6' 

Replace- 

ment 

Culvert 

9'  X 6' 

$73,000 

lOS 

Cnannel 

1,200' 

No  definec 

channel 

Channel 

9'  width 
6'  depth 
1:1  side  slopes 


$27,000 

111 

Pipe 

21" 

1,550' 

— 

Pa  ra 1 1 e 1 
Pipe 

18" 

$47,000 

112 

Pipe 

48" 

450' 

Parallel 

Pipe 

48" 

$41,000 

in 

Pipe 



30" 

650' 

Parallel 

Pipe 

24" 

$27,000 

24" 

360' 

21" 

lb 

Pipe 

21" 

260' 

Paral lei 
Pipe 

24" 

$11,000 

116 

Pipe 

48" 

700' 

Parallel 

Pipe 

60" 

$83,000 

118 

Culvert 

36" 

72' 

Replace- 

ment 

Culvert 

48" 

$14,000 

120 

Culvert 

24" 

60' 



Replace- 

ment 

Culvert 

54" 

$14,000 

122 

Pipe 

24" 

Parallel 

Pipe 

36" 

$7,000 

124 

Pipe 

200' 

Replace- 

ment 

Pipe 

66"  smooth 

$36,000 

Kelsey- 14 


RIBCO  URBAN  RUNOFF  AND  BASIN  DBAINAOt  STUOY 


SiibBiisiii  Creek  Demons  I rail  on  Area 


tXiSlINti  1 ACILITKS 

PROPOSED  E ACUITIES 

tUMfNT 

NUMBfcH 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNE  t 
SIDE  SI  OPES 

(Hon/  Vurl  I 

MAX 

DEPTH  OE 
CHANNFl 

type 

ESTIMATED 
CAPITAI  COST 

1K6 

Culvert 

36" 

10' 

Replace- 

ment 

Culvert 

7'  X 3' 

$12,'JJ9 

128 

Cul vert 

48” 

rough 

60' 

Ren  lace - 
rnent 
Cul vert 

48"  smooth 

513.0)0 

129 

Channel 

2' 

6,490' 

1:1 

1.5' 

Channel 

4*  v/idth 
2'  depth 
2:1  side  slooes 
Streambank  protection 

S22/,aJ0 

1J2 

Pipe 

18” 

. 

Rep  lace - 
men  t 
Pipe 

42" 

531 .000 

100 

Channel 

25’ 

1 ,000' 

1;1 

3' 

Channel 

20'  s idtii 
'j'  depth 
2 ; 1 side  si  opes 
btrediiiLank  protection 

■n 

98 

Cnannel 

■ 

1;1 

s* 



Channel 

20'  width 

6'  depth 

2:1  s 1 de  si  opes 

StreaiTUjank  protection 

IH 

6' 

Replace- 

ment 

Culvert 

15'  X 6' 

$64,000 

HI 

l:I 

3.5' 

Cnanne 1 

60'  width 
4'  depth 
1:1  side  slopes 
Streambank  protection 

5201,003 
Land  cost  not 
incl uded 

64 

Channel 

■1 

400' 

1:1 

2' 

Channel 

110'  widtn 

2'  Jrptn 

(Land  cost  not  includ. ) 
Vertical  side  slopes 

517,000 

Bridge 

lb' 

20' 

0 

4.5' 

Bridge 

60'  widtn 
2'  depth 
Vertical  sides 

518,090 

Channel 

1b' 

1,000' 

1:1 

2' 

Channel 

5T  widt!i/2'  ileptn 
1:1  side  slopes 
Streantiank  protection 
(Land  cost  not  includ.) 

$30,000 

217 

Bridge 

15' 

30' 

0 

2.5' 

Bridge 

2)'  width 
2.5'  depth 
Vertical  sides 

510,000 

218 

Channel 

8' 

1,650' 

0 

2' 

Channel 

35'  widtn 

2'  depth 

1:1  side  slopes 

(Land  cost  not  includ.) 

521,000 

219 

4* 

1 

60' 

Replace- 

ment 

Culvert 

00" 

$17,000 

220 

Cu 1 ve  rt 

m 

60' 

Replace- 

ment 

Culvert 

8'  X 4' 

$21,000 

221 

■ 

7' 

1,4S0‘ 

0 

■ 

Channel 

12'  width 
4'  depth 
1; 1 side  slopes 
StrpAuViank  nmtertinn 

$49,000 

5' 

80' 



0 

H 

Replace- 

ment 

Culvert 

8’  X 5' 

$29,000 

Kelsey- 1b 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Anetnaiive  1 


Siih  H«,n  Kelsey  Creek  Demonstration  Area 


EXISTING  FACILITIFS 


PROPOSED  FACILITIES 


PIPE  DIAMETER  CHANNEL  MAX 

ELEMENT  OR  CHANNEL  i SIDE  SLOPES  DEPTH  OF 

NUMBER  TYPE  BOTTOM  WIDTH  LENGTH)  (Hon/  VptI  I CHANNEL 


ESTIMATED 
CAPITAL  COST 


700' 

2:1 

600' 

2:1 

1.400' 

2:1 

Parallel 

72" 

Pipe 

1 

Replace- 

ment 

Pipe 


Replace-  60 

ment 

Culvert 


Replace- 

36”  smooth 

$13,000 

ment 

Pipe 

Channel  500  width 
3'  depth 
4:1  side  slopes 
(No  land  cost  includ.) 


5314,000 


Channel 

25'  width 
6'  depth 
2:1  side  slopes 

$7,000 

Parallel 

Culvert 

13'  X 6* 

1 

$51,000 

Channel 

Streambank  protection 

$56,000 

Channel 

Streambank  protection 

$31,000 

Channel 

Streambank  protection 

$20,000 

Channel 

Streairt>ank  protection 
1 

$71,000 

R1BC0  URBAN  RUNOFF  AND  BASIN  DRAINAGF  STUDY 


Alter, wt.ve  _J Snh  R;...n  <elscy  Creok  Demonstration  Area 


FXiSTiNCi  r AClLlTltS 

PROPOSED  FAClllTlfS 

HIMTNT 
NUMF.F  R 

TYPF 

PiPf  niAMFTFR 
OB  CHANNEl 
BOTTOM  WIDTH 

1 F NOTH 

CHANNEL 
SIDE  SLOPFS 
(Hori/  Vert  I 

MAX 

DEPTH  Of 
CHANNEL 

TYPE 

ESTIMATED 
CAPITAL  COST 

U1 

Chsnnel 

13' 

71)0’ 

2:1 

4' 

Channel 

5treatnt)ank  protection 

U--  - 

S3), 1)00 

132 

Channel 

1 

1“' 

2,100' 

2:1 



4' 

Channel 

Streamiiank  protection 

594,000 

Channel 

_ J 

*■  1 

. _l 

3,400' 

1.5:1 

3’ 

Channel 

Streanbank  protection 

$104,003 

■ 

m 

■ 

Ciiannel 

Streamhank  protection 

$28,000 

■ 

1,000' 

2:1 

■ 

Channel 

Streambank  protection 

$22,000 

to4 

Channel 

— 

10* 

700' 

1:1 

■ 

Channel 

Streambank  protection 

$22,000 

1J6 

Channel 

12' 

2,100' 

.75:1 

■ 

Channel 

Streanfcank  protection 

$80,000 

nn 

2:1 

■ 

Channel 

Streambank  protection 

$24,000 

127 

Channel 

20' 

■ 

Channel 

Streambank  protection 

$233,000 

■ 

4' 

1:1 

2.5' 

Channel 

Streambank  protection 

$85,000 

■ 

P 

10' 

150' 

1.25-.1 

■ 

StreafT*)ank  protection 

$4,000 

69 

20' 

600' 

1.25:1 

3' 

Channel 

streambank  protection 

$15,000 

mM 

1,450' 

2.5:1 

3' 

Channel 

Streambank  protection 

■ 

87 

Channel 

1 

7* 

700' 

1:1 

3' 

Channel 

Streambank  protection 

89 

Channel 

7' 

500' 

2:1 

■ 

Channel 

Streambank  protection 

$17,000 

91 

Channel 

■ 

2,700' 

2:1 

■ 

Channel 

.. 

Streambank  protection 

$76,000 

92 

Channel 

m 

900' 

2:1 

■ 

Channel 

Streambank  protection 

$20,000 

Kelsey-r  7 


HIBCC)  UHBAN  HUNOFF  AND  BASIN  DRAINAGE  STUDY 


0 


i 

3 

i 

f 

i. 


Aiifiiidiivf 1 Siih  Kelsey  Crtiek  Demonstration  Area 


Ut  WtNT 
H 

i XtSTiNC 

. TACUlTlfS 

PROPOSED  FACIIITIES 

TYPf 

PIPI  DiAMt  TE  H 
OR  CMANNil 
BOTTOM  WtDTH 

1 1 NCiFh 

h— ^ 

CHANNF 1 
SM)f  SlOPtS 
(H<me/  VeM  \ 

MAX 

OfPTM  Of 
CHANNf  L 

TYPE 

ESTIMATED 
CAPITAL  COST 

% 

Channel 

'O' 

2,600' 

2;I 

7' 

Channel 

Streambank  protection 

$157,000 

117 

Diannel 

$• 

1,200' 

.75:1 

2' 

Channel 

Streambank  protection 

166 

Channel 

10’ 

400' 

1 

.5:1 

3' 



Channel 

Streantiank  protection 

$6,000 

94 

Channel 

20' 

400' 

0 

■ 

Channel 

Streambank  protection 

$3,000 

■ 

■ 

Channel 

Streambank  protection 

$13,000 

• 



The  Efitmated  Capital  Cost  for  each  alennent  includei  Contractor  profit,  Total  Estimated  Capital  Cost 

engineering,  legal  and  contingencies.  In  addition,  land  purchase  and  nd  To 

severance  costs  are  included  where  land  is  required  All  costs  are  based  ^ 

upon  June  1973  prices. 


S4,Q40,000 

$4,000,300 
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HIBCO  URBAN  RUNOFF  ANO  BASIN  OHAINACIF  SlUOV 


Kelsey  Creek  Demonstration  Area 


FXISTINU  FACILITIfS 

PIPE  DIAMfTFH  CHANNEL  MAX 

ELEMENT  OR  CHANNEL  SIDE  SI  OPES  DEPTH  OF 

NUMBER  TYPE  BOTTOM  WIDTH  LENGTH  (Hun/  Vet  I I CHANNEL  TYPE 


PROPOSED  f ACIl  ITIES 


Parallel  21" 
Pipe 

Parallel  30" 
Pipe 


Channel  2. S’  width 
I 2.5'  depth 
I 1:1  side  s lopes 



Parallel  18" 

Pipe 


ESTIMATED 
CAPIIAI  COST 


$6  7,000 


1S7  Pipe 


Parallel  24" 
Pipe 


Chaonel  3'  width 
3'  depth 
2:1  side  slopes 


Parallel  15" 
Pipe 


$29,000 


I $37,000 


$16,000 


154  Culvert  24" 


Replace-  7'  x 2' 

mcnt 

Culvert 


$13,000 


153  Channel 


550'  1:1 


Channel  8'  width 
3'  depth 
2:1  side  si  opes 


Holding  Larson  Lake  area 

Pond  outlet  control 


$30,000 


$10,000 


Kelsey-19 


RIBCO  URBAN  RUNOFF  AND  BASIN  DRAINAGE  STUDY 


Allf>rMal4ve LL 


SiihRa'io  Kelsey  Creek  Demonstration  Area 


EXISTING  FACILITIfS 


PIPE  DIAMETER 
OR  CHANNEL 


CHANNEL  MAX 

SIDE  SLOPES  DEPTH  OF 


134  Pipe 


130  Channel  2' 


1 ,800' 


129  ! Channel  3'  6,400'  1:1 


126  I .lone 


22  I Pipe 


90 

Pipe 

86 

Pipe 

82 

1 

Pipe 

7S 

Channel 

pe 

24" 

100' 

PROPOSED  FACHmeS 

TYPE 

ESTtMATtO 
CAPITAL  COST 

Parallel 

Pipe 

27" 

$13,000 

Channel 

1 

Flood-plain  zone 

-0- 

Channel 

Flood-plain  zone 

-0- 

Holding 

Pond 

4.7  AF 

$53,000 

Parallel 

Pipe 

21" 

$4,000 

Holding 

.6  AF 

-0- 

Pond 

Flood-plain  zone 

Flood-plain  zone 

Flood-plain  zone 

Flood-plain  zone 

Paral lei 
Pipe 

30“ 

Parallel 

Pipe 

48" 

Pipe 

48"  smooth 

Flood-plain  zone 

Kelsey-20 


HIBCO  URBAN  RUNOff  AND  BASIN  DRAINAGf  STUDY 


Kelsey  Creek  Demonstration  An*a 


EXIST  IN( 

i EACILITIES 

tUMENT 

NUMBER 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  width 

iength 

CHANNEL 
SIDE  SLOPES 
(Hon/  VbM  I 

^ MAX 
DE  PTH  Of 
CHANNE  L 

PHOPOStD  ^AaLlTlFS 


(STIMATFD 
CAPITAL  COST 


Molding 

Pond 

Hood-plain  zone 
2.5  AF 

$38,J00 

Hood-plain  zone 

-0- 

Flood'plain  zone 

-0- 

Fiood'plain  zone 

-0- 

Hood-plain  zone 

— 

-0- 

th«*  f C<ipii<il  Co$t  fi»r  Mch  l•l0ment  includm  Contfattor  profit. 

ir«^l  4i¥l  <.ontiMgroci«s  In  addition,  iaiKf  purchMe  WKf 
v<v*^an(  •>  <(nt)  arc  ir>clurt«K)  where  Urtd  i»  regoiied  All  costi  ar«  luted 
upon  Jorw 


Total  Fstimated  Capital  Cost  $875,000 
Round  To  $900,000 


Kelsey *21 
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REGIONAL  SUB-BASIN  C-16 
MAY  CREEK  DEMONSTRATION  AREA 


GENERAL  DESCRIPTION 


The  May  Creek  Sub-Basin  is  located  between  the  City  of  Renton  and 
Newport  Hills,  a residential  community  located  about  three  miles  north  of 
Renton.  The  sub-basin  extends  southeast  from  Lake  Washington  approximately 
six  miles.  The  direction  of  flow  in  the  creek  is  almost  continually  to  the 
northwest,  originating  from  Lake  Kathleen  and  terminating  in  Lake  Washington. 

The  geography  of  the  sub-basin  is  varied  with  steep  upland  areas,  a 
broad  upland  stream  valley  floor  in  the  central  portion,  and  a very  steep 
lower  reach  descending  to  a delta  at  Lake  Washington.  The  sub-basin  boundary 
is  delineated  by  natural  features,  such  as  ridgelines  and  mountain  saddles, 
rather  than  man-made  features  such  as  levees  or  roads  and  buildings. 

May  Creek  is  the  only  principal  stream  and  extends  through  the  entire 
length  of  the  sub-basin.  The  Creek  may  be  broadly  classified  as  a boulder 
zone  in  its  middle  and  lower  reaches.  Several  tributaries  enter  the  Creek 
throughout  its  passage  from  lake  to  lake. 

Stream  Category  Drainage  Area  Discharge 

May  Creek  III  13  sq.  mi.  Lake  Washington 

The  upper  May  Creek  Sub-Basin  is  mostly  undeveloped,  at  present, 
with  large  wooded  areas  and  limited  rural-residential  uses.  The  present 
development  becomes  more  urban  as  one  progresses  from  the  upper  sub-basin 
reaches  downstream  towards  Lake  Washington.  This  characteristic  is  dominant 
in  the  lower  basin  for  the  first  two  miles  upstream  from  Lake  Washington, 
where  the  residential  and  commercial  developments  exist  in  the  City  of  Renton 
and  the  community  of  Kennydale. 

The  Creek  passes  through  an  industrial  area  west  of  Interstate  405  at 
its  mouth.  A small  percentage  of  the  land  is  devoted  to  multiple-family 
residential,  highly  industrial  and  institution  uses  (e.g.  governmental  and 
educational ) . 

The  table  below  shows  the  percentage  of  land  uses  by  types  for  the 
May  Creek  Sub-Basin  during  1970-72  and  those  projected  for  the  year  2000  in 
the  Corridor  and  Comprehensive  Plans  prepared  by  the  Puget  Sound  Governmental 
Conference.  It  should  be  noted  that  the  increased  use  for  family  purposes 
will  come  from  present  unused  lands  or  lands  used  for  agricultural  purposes. 


PERCENT  OF  SUB-BASIN  AREA  IN  SPECIFIED  LAND  USES 


Land 

Existing 

P.S.G.C.  Land 

Use  Projection 

Uses 

(1970-72) 

Comprehensive 

Corridor 

Single  Family 

20 

40 

40 

Multiple  Family 

2 

2 

Commercial /Services 

1 

1 

1 

Govt,  and  Educ. 

1 

1 

Industrial 

1 

1 

Parks/Dedicated  Open  Spaces 

5 

5 

5 

Agriculture 

10 

5 

5 

Airports,  Railyards, 
Freeways,  Highways 

Unused  Land 

63 

44 

44 

Water 

1 

1 

1 

Total 

100 

100 

100 

Total  Impervious  Area 

5 

15 

15 

NATURE  OF  EXISTING  DRAINAGE  SYSTEM 

The  existing  drainage  system  may  be  classified  as  a natural  flowing 
stream.  May  Creek  has  man-made  features  only  at  roadway  and  railway  crossings 
(culverts,  bridge  piers,  abuttments,  wing  wall  section).  Two  small  lakes 
are  part  of  the  upper  sub-basin:  Lake  Kathleen,  located  at  the  source  of 

May  Creek,  and  Lake  Boren,  at  the  source  of  a small  northern  tributary. 

May  Creek  has  a genuine  urban  amenity  potential  for  man  and  as  a 
habitat  for  wildlife.  It  is  one  of  the  few  streams  near  an  industrial 
complex  and  urban  area  that  can  still  be  preserved  in  about  its  natural 
state.  However,  there  are  sections  of  the  stream  that  are  "trashy"  because 
a few  unconcerned  individuals  use  it  as  a dumping  place.  This  area  is  not 
presently  serviced  by  sanitary  sewers  though  it  is  within  the  Metro  service 
area. 

DRAINAGE  PROBLEMS 


Two  major  drainage  problems  exist  within  the  May  Creek  Sub-Basin. 
There  is  ponding  and  overbank  flooding  in  the  upper  and  middle  reaches  of 
the  Creek  and  erosion  and  sedimentation  in  the  lower  reaches  of  the  Creek 
and  in  the  middle  sections  of  the  upper  reaches.  Stream  flooding  begins 
at  148th  Ave.  S.E.  and  extends  eastward  to  the  Renton-Issaquah  Road.  The 
valley  is  extremely  flat  and  its  soil  drains  poorly.  The  flood  plain  is 

May-2 


presently  used  primarily  for  livestock  pasture.  Therefore,  no  major  damage 
occurs  here  in  the  flood  season.  There  are  no  buildings  within  the  flood 
plain  area  at  this  time. 

Erosion  and  sedimentation  occur  downstream  of  the  Coal  Creek  Parkway 
on  May  Creek  and  downstream  of  the  Renton-Issaquah  Road  on  Honey  Creek.  A 
natural  erosion  process  will  occur  on  May  Creek,  even  without  urbanization, 
but  the  problem  has  been  intensified  somewhat  by  uncontrolled  discharge  of 
storm  drains  at  the  top  of  the  natural  system  and  by  generally  increased 
runoff  flows  from  impervious  urban  development.  These  higher  runoff  rates 
have  accelerated  the  erosion  process. 

The  eroded  material,  estimated  at  3,000  cubic  yards  annually,  is 
deposited  in  the  lower  reach  of  May  Creek,  just  before  it  enters  Lake 
Washington.  It  forms  a delta  that  is  detrimental  to  the  planned  use  of 
the  area. 

Both  the  2000  Comprehensive  and  Corrido""  Land  Use  Plans  indicate  a 
general  urbanization  of  May  Creek.  The  results  of  hydrologic  analysis 
indicate  no  significant  difference  between  the  Comprehensive  and  Corridor 
Land  Use  Plans.  Therefore,  the  drainage  alternatives  oresented  herein 
are  applicable  to  both  plans.  The  existing  drainage  problems  will  become 
more  severe  because  of  increases  in  impervious  areas  and  faster  runoff. 

The  total  impervious  area  in  this  sub-basin,  under  either  land  use  projec- 
tion, will  increase  from  the  existing  5%  level  to  approximately  15%,  as 
shown  in  the  table  of  projected  land  uses. 

Computer  simulation  of  future  runoff  conditions,  based  upon  the 
Comprehensive  land  use  model,  indicates  that  there  will  be  increased 
overbank  flooding  and  ponding  in  the  pastoral  zone  of  May  Creek,  and  in- 
creased velocity  and  volume  of  water  reaching  the  steeper  lower  portion 
of  May  Creek  prior  to  entering  Lake  Washington.  This  latter  problem 
will  accelerate  bank  erosion  and  sedimentation  transport  and  deposition 
at  Lake  Washington. 

Damages  that  would  occur,  considering  the  existing  drainage  control 
system  and  future  accelerated  runoff  conditions  of  the  year  2000,  are 
estimated  to  total  approximately  $17,000  per  year.  These  damage 
costs  are  reflective  of  additional  sedimentation  deposits  at  the  mouth  of 
May  Creek,  as  well  as  residential  and  crop  inundation. 

BASIC  ISSUES  AND  STATUS  OF  DRAINAGE  PLANNING 

Presently,  the  two  agencies  that  have  urban  drainage  planning 
authority  in  the  May  Creek  Sub-Basin  are  King  County  and  the  City  of 
Renton.  King  County  created  a flood  control  zone  district  for  May  Creek, 
but  the  district  was  later  dissolved  by  a petition  and  vote  of  the 
residents  within  the  district  who  objected  to  the  proposed  assessment 
levels. 


At  present,  there  are  no  specific  drainage  planning  proposals  for 
the  sub-basin,  other  than  those  set  forth  hereafter  in  this  report. 

However,  the  entire  sub-basin  is  one  of  the  five  demonstration  areas  of 
the  RIBCO  Study  and  as  such,  the  drainage  problems  here  have  beer,  presented 
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to  and  discussed  by  the  residents  of  the  sub-basin.  At  a public  meeting 
on  November  1,  1974,  the  local  residents  expressed  opinions  on  the  follow- 
ing five  drainage  concepts  which  were  presented  to  them;  1)  continuation 
of  present  trends,  2)  storm  water  diversion,  3)  flood  plain  management, 

4)  channelization  (enlarging  May  Creek),  and  5)  watershed  management 
(develop  runoff  controls). 

The  consensus  of  opinion  of  those  present  was  that  only  two  alter- 
natives should  be  considered,  namely,  channelization  of  May  Creek  and 
control  of  runoff  from  future  development.  Storm  water  diversion  and 
flood  plain  management  were  discussed,  but  not  given  sufficient  support 
by  the  residents  present.  Continuation  of  existing  trends  in  drainage 
control  or  the  lack  of  it  was  deemed  unacceptable. 

Staff  members  from  the  King  County  Public  Works  Department, 
Hydraulics  Division,  and  representatives  of  the  citizen  group  in  the  May 
Creek  Sub-Basin  have  also  jointly  reviewed  the  initial  alternative  plans 
for  drainage  developed  by  this  RIBCO  Study  for  May  Creek  Sub-Basin. 

ALTERNATIVE  PLANS  FOR  PROPOSED  DRAINAGE  CONTROL 


The  existing  drainage  system  of  May  Creek  Sub-Basin  as  described 
by  local  agencies  was  evaluated  by  computer  simulation  applying  the 
region's  10-year  storm  to  P.S.6.C.  year  2000  land  use.  Drainage  problems 
thus  identified  were  analyzed  and  possible  solutions  provided  in  develop- 
ment of  alternative  plans  for  drainage  control  as  described  herein. 

Two  major  alternative  plans  were  studied  for  solving  May  Creek 
drainage  problems,  the  first  using  drop  structures  and  channelization 
and  the  second  being  a combination  of  drop  structures  and  runoff  control 
features. 

ALTERNATIVE  PLAN  I 


General  Concept 

The  general  concent  of  Alternative  Plan  I is  to  increase  the 
capacity  of  the  Creek  by  1)  channelization  of  the  upper  reaches  to 
relieve  the  flooded  area  there,  and  bank  protection  in  the  upper-middle 
section  to  reduce  erosion,  and  2)  construction  of  drop  structures  in  the 
lower  reaches  to  decrease  erosion  and  sedimentation.  This  alternative 
would  relieve  all  existing  flow  restraints,  thereby  increasing  peak 
runoff.  Control  of  runoff  from  future  development  would  not  be  required. 

Major  Features 

The  major  effort  in  the  Creek's  upper  reaches  would  be  clearing 
and  widening  of  the  channel.  This  would  be  done  generally  from  above 
the  Renton-Issaquah  Road  down  to  148th  Ave.  S.E.  Bridges  and  culverts 
along  the  Creek  would  be  enlarged,  so  the  predicted  flows  could  pass 
without  causing  backwater  conditions.  The  stream's  midsection  in  the 
upper  sob-basin  would  require  bank  protection  to  decrease  erosion  which 
would  otherwise  result  from  the  increased  volume  and  velocity  of  water. 
The  soils  in  this  area  are  easily  eroded  at  low  velocities.  Bank 


protection  would  also  be  required  from  above  16th  Avenue  S.E.  at  Coalfield 
to  800  feet  above  148th  Avenue  S.E.  and  again  below  144th  Avenue  S.E. 

The  major  feature  of  Alternative  Plan  I In  the  lower  reaches  is 
the  construction  of  drop  structures  to  dissipate  energy  and  lower  stream 
velocities  in  order  to  control  erosion.  The  type  of  drop  structure  being 
considerv.il  is  a rock-wall  wier  made  of  rip-rap  material.  Drop  structures 
would  be  required  from  above  the  confluence  of  May  Creek  and  Lake  Boren's 
outlet  to  above  Interstate  405.  Dr.  Milo  Bell,  a local  fisheries  expert 
working  with  local  property  owners,  has  suggested  the  use  of  low-head 
drop  structures  one  foot  high  in  order  to  facilitate  fish  passage.  This 
criteria  has  been  used  as  a guide. 

Bank  protection  would  be  required  on  a portion  of  the  outlet  from 
Lake  Boren.  Minor  channel  enlargement  would  be  required  at  the  Lake  Boren 
outlet.  This  is  considered  a local  problem. 

Cost 

The  total  cost  of  major  stream  improvements  is  estimated  at 
$1,600,000. 

ALTERNATIVE  PLAN  II 


General  Concept 

Alternative  Plan  II  would  consist  of  watershed  management  tech- 
niques supplemented  by  some  structural  installations.  This  alternative 
envisions  detaining  runoff  on-site  and  along  the  system  where  practicable 
Streamside  activity  would  be  controlled  through  zoning.  Drop  structures 
in  the  stream's  lower  reach  would  be  required  to  provide  erosion  protec- 
tion. 


Ma.ior  Features 

Alternative  Plan  II  consists  of  the  following  major  elements. 

All  future  development  sites  throughout  the  entire  watershed  would  be 
required  to  have  runoff  control  to  control  peak  runoff  to  not  more  than 
25%  above  existing  conditions.  This  would  reduce  peak  runoff  in  developing 
areas  to  near  natural  levels.  The  major  portion  of  the  upper  reach, 
adjacent  to  the  stream,  would  be  flood-plain  zoned;  land  use  would  remain 
as  agricultural  or  open  space.  Recreational  uses  or  public  open  space, 
among  other  alternative  land  uses,  would  be  compatible  with  this  zoning. 

One  holding  pond  would  be  constructed  at  148th  Ave.  S.E.  with 
approximately  16-acre  feet  of  storage.  This  facility  would  reduce  dis- 
charge during  major  storms  to  a lower  rate  than  would  be  experienced 
from  the  stream  in  an  uncontrolled  condition  and  hold  water  for  controlled 
release  at  a later  time.  The  holding  pond  also  will  provide  limited 
groundwater  recharge.  Drop  structures  similar  in  type  and  location  to 
Alternative  Plan  I would  be  used  to  control  erosion.  These  drop  structures 
could  be  eliminated  if  the  natural  erosion  rate  in  the  stream  was  acceptable 
to  streamside  property  owners. 
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Cost 


The  total  estimated  capital  cost  for  this  alternative  is  $600,000. 
PEAK  FLOW  COMPARISONS 

The  following  table  indicates  10  year  peak  flows  under  existing 
facilities  and  land  use,  and  under  alternative  drainage  management  solutions 
for  the  year  2000.  The  peak  flows  are  given  for  portions  of  the  Creek  in 
the  upper  pasture  reaches,  as  well  as  at  the  point  of  discharge  into  Lake 
Washington. 

COMPARISON  OF  10  YEAR  PEAK  FLOWS 
(Cubic  Feet  Per  Second) 


Existing  Land  Use 


Location 

Existing* 

Facilities 

Existing* 

Facilities 

Alternative 
Plan  I 

Alternative 
Plan  II 

Lake  Washington 

280 

500 

650 

350 

148th  Ave.  S.E. 

100 

360 

490 

115 

176th  Ave.  S.E. 

60 

150 

380 

131 

*Flows  limited  by  existing  system  capacity. 

ENVIRONMENTAL  ASSESSMENT  OF  ALTERNATIVE  PLANS 

Field  inspections  were  made  of  the  suggested  alternatives  for  this 
sub-basin.  This  process  was  followed  throughout  the  RIBCO  Study  in  develop- 
ing alternative  plans  for  the  various  regional  sub-basins.  The  inspections 
were  based  on  the  alternative  evaluation  procedure  which  identified  34 
unique  criteria  grouped  in  general  categories  as  follows:  1 )Effectiveness, 

2)  Human  Values,  3)  Environmental  Factors,  4)  Implementation,  and  5)  Resource 
Requirements. 

The  various  structural  solutions  were  checked  against  the  appropriate 
criteria.  The  various  non-structural  solutions  were  reviewed  for  their 
relationship  to  existing  and  probable  future  developments.  The  criteria 
rating  total  for  Alternative  Plan  I,  which  employs  channelization  in  the 
upper  and  middle  reaches  and  drop  structures  in  the  lower  reaches,  was  a 
minus  26  on  a scale  ranging  from  positive  108  to  negative  108.  The  total 
evaluation  rating  for  Alternative  Plan  II,  which  employs  runoff  control, 
storage  In  the  upper  basin  and  drop  structures  in  the  lower  reaches,  was 
a plus  36. 

Both  alternatives  were  judged  to  be  effective  In  controlling 
drainage.  Both  plans  involved  certain  sacrifices  of  human  value  and  human 
uses  within  the  sub-basin  If  the  systems  were  built.  Environmentally, 
Alternative  Plan  II  clearly  offered  more  resource  preservation  potential 
than  Alternative  Plan  I,  which  required  the  channelization  of  the  entire 
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pastoral  flood  plain  of  the  stream.  Neither  alternative  is  part  of  present 
planning  of  either  of  the  involved  agencies  and  therefore  extensive  coopera- 
tive effort  on  their  parts  is  required  before  either  plan  can  be  realized. 
Both  of  the  alternatives  involve  commitments  of  the  use  and  management  of 
natural  resources  because  they  rely  on  certain  structural  treatments  for  all 
or  part  of  their  solutions.  Therefore,  neither  alternative  can  be  said  to 
be  clearly  superior  to  the  other  in  this  concern.  They  involve  choices  of 
concerned  citizens. 

One  critical  element  of  both  alternatives  is  the  proposal  to  use 
drop  structures  in  the  ravines  of  the  lower  reaches  of  May  Creek.  The  care 
in  which  these  structures  are  located  and  designed  and  the  disruption  which 
can  effect  natural  resources  will  be  key  factors  in  determining  their  over- 
all acceptance  and  effectiveness  in  controlling  erosion  and  sedimentation 
and  preserving  the  ecology  of  the  stream. 

Alternative  Plan  II  relies  on  flood  plain  zoning  and  runoff  control 
from  future  land  development.  This  treatment  combination,  if  it  is  to  be 
part  of  the  chosen  alternative,  should  be  implemented  as  an  early  organized 
effort.  Any  portion  of  the  sub-basin  that  develops  without  these  combined 
controls  will  require  more  structural  treatment  than  Alternative  Plan  II 
can  accommodate.  This  issue  should  be  brought  to  the  attention  of  all 
citizens  and  their  local  agencies. 

There  are  also  other  sacrifices  which  are  involved  in  the  two  alter- 
natives. Alternative  Plan  I allows  development  within  most  of  the  pastoral 
flood  plain,  whereas  Alternative  Plan  II  requires  that  this  area  be  flood- 
plain  zoned  which  would  effectively  remove  the  areas  so  designated  from 
any  future  intensive  land  uses  typical  of  urbanized  areas. 

CONCLUSIONS 


Alternative  Plan  II  is  clearly  superior  to  Alternative  Plan  I, 
because  of  the  relatively  undeveloped  nature  of  the  sub-basin,  but  does 
require  immediate  action  to  protect  and  preserve  the  natural  values.  As 
pointed  out  above,  this  action  would  require  runoff  control  at  or  near 
existing  rates  for  any  new  development.  It  also  requires  designation  of 
the  pastoral  zone  of  the  stream  as  a flood  plain. 

King  County  and  the  City  of  Renton  should  establish  an  effective 
agreement  on  a master  drainage  plan,  incorporating  the  conditions  of 
Alternative  Plan  II.  Both  agencies  should  then  move  to  implement  and 
enforce  the  required  runoff  controls  and  flood  plain  zoning  within  their 
own  jurisdiction. 

It  is  pointed  out  here,  that  the  basic  issue  is  which  local  agency 
or  agencies  will  have  jurisdiction  and  responsibility  for  control  of 
urban  drainage  and  related  flood  damage  problems.  There  is  also  the  issue 
of  the  use  or  extent  of  use  of  land  use  zoning  control  methods  by  and 
between  the  City  of  Renton  and  King  County.  The  County  should  have  the 
responsibility  for  control  of  drainage  and  flood  damage,  and  the  City  and 
County  should  have  control  of  zoning,  including  flood  plain  zoning  within 
their  respective  boundaries,  and  concurrent  jurisdiction  in  outer  fringe 
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areas  of  the  City.  This  may  require  some  amendments  to  the  State  Laws 
and  local  ordinances. 

EARLY  ACTION 


In  addition  to  the  immediate  need  for  development  of  a drainage 
master  plan  and  designation  of  Jurisdictional  leadership  within  this 
demonstration  area,  certain  physical  features  of  the  alternative  plans, 
presented  herein,  appear  to  be  generally  applicable  to  any  drainage  plan 
which  may  be  forthcoming  as  well  as  both  suitable  and  desirable  for  early 
implementation  within  the  next  10  year  period. 

FACILITY  RECOMMENDATIONS 


The  overall  reconinendatlon  for  May  Creek  is  that  of  preserving 
the  natural  drainage  system.  May  Creek  residents  must  decide  upon  which 
alternative  they  want  to  follow.  However,  prior  to  making  that  decision, 
design  and  construction  could  proceed  for  the  following  elements: 

Category  I - Cownon  Alternative  Elements 

Streambank  protection  and/or  drop  structures  to  protect  those 
critical  or  severe  erosion  areas  along  May  Creek  downstream  of 
Element  42. 

Estimated  Capital  Cost  - $100,000. 

Category  II  - Alternative  Elements  Common  in  Scope 

Alternative  II  Alternative  I 

Estimated  Estimated 

Element  Number  Capital  Cost  Capital  Cost 

30  Single  6'  x 4'  box  $19,000  Triple  $27,000 

6'  X 4'  for  additional 
box  2 barrels 

Category  III  - Response  to  Reported  Drainage  Problems 

None  in  addition  to  those  reported  in  Category  I. 
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EVALUATION  MATRIX  w CREEK  KHOnsTRATton  area 


RUNOFF  QUALITY  SUftlARY 
MAY  CREEK  DEMONSTRATION  AREA 


I Less  than  a total  of  0.5  Inches  of  rainfall  In  any  one  day. 

* Concentrations  In  mg/llter  except  total  collform  which  Is  In  MPN/100  ml. 


RUNOFF  gUALITY  SUMMARY 
I-IAY  CREEK  DEI^STRATION  AREA 
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# Less  than  a total  of  0.5  inches  of  rainfall  in  any  one  day. 

* Concentrations  in  mg/liter  except  total  coliform  which  is  in  MPN/100  ml. 


RIBCO  URBAN  RUNOfF  AND  BASIN  DRAINAGE  STUDY 
f ■ Sub  B«,n  '^y 


1 

1 

EXISTING 

i FACILITIES 

1 

UEMFNT 
NUWBE  R 

TYPE 

PIPE  DIAMETER 
OR  CHANNEL 
BOTTOM  WIDTH 

length  I 

CHANNEL 
SIDE  SLOPES 
(Hon?  Vert  ) 

MAX 

DEPTH  OF 
, CHANNEL 

Channel  j 

1 

lb'  width 
2'  deptn 
2:1  side  slopes 

$31,000 

Channel 

25'  width 

2'  deptn 

2:1  side  slopes 

$20,000 

Channel 

30'  width 
4'  depth 
2: 1 side  slopes 
Streambank  protection 

~S5^,000  “ 

Replace- 

ment 

Culvert 

18'  X 4' 

$46,000 

Channel 

25'  width 
4'  depth 
2: 1 side  slopes 
Streambank  protection 

$90,000 

Channel 

40'  width 
3'  deptn 
2 1 side  slopes 
Streantiank  protection 

$44,000 

Channel 

60'  width 
3.5'  depth 
2:1  side  slopes 
Streantank  protection 

$167,000 

Bridge 

70'  width 
5'  deptn 
2 ;1  side  slopes 

$46,000 

Channel 

40'  width 
4.5'  depth 
2:1  side  slopes 
Streambank  protection 

$190,000. 

Bridge 

45'  width 
5'  deptn 
2:1  side  slopes 

$10,000 

1 

Channel 

40'  width 
4.5'  depth 
2: 1 side  slopes 

$126,300 

Channel 

50'  width 
4'  depth 
2:1  side  slopes 

; 144,000 

i 

Bridge 

45'  width 
5'  depth 
2:1  side  slopes 

' $17,000 

1 

Channel 

50'  width 
4'  depth 
2:1  side  slopes 

$25,000 

Bridge 

4$'  width 
S'  deptn 
2:1  side  slopes 

$17,000 

Channel 

SO'  width 
4'  depth 
2:1  tide  slopes 

$49,000 

Bridge 

45'  width 
7'  depth 
2:1  side  slopes 

$19,000 
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RIBCO  URBAN  RUNOfF  ANU  BASIN  DRAINACit  STIJOY 


■ f XISTING  fACII  iriES 


PROPOSE  U EACH  ITIFS 


4'  Ciiannel  17. S'  width 

4'  depth 
<!:  1 side  slopes 
Streamtjank  protection 

5 ' Drop  1 ' drop 

Structure:  29'  base 

Approx,  bd  required 

10'  Drop  r drop 

Structure  lb’  base 

Approx.  10  required 


ESI  IMA  IE  1) 
CAPIIAI  COST 


$103,000 


$60,000 


$60,000 


$36,000 


Drop  1 ' drop 

Structure  3b'  base 

Approx.  64  required 

Drop  1 ' drop 

Structure  3b'  base 

Approx.  44  required 

Drop  1 ' drop 

Structure  30'  base 

Approx.  16  required 

Drop  1 ' drop 

Structure  30'  base 

Approx.  15  required 

Drop  1 ' drop 

Structure  29'  base 

Approx.  50  required 


2.5'  Channel  Streambank  protection  | $23,000 


$64,000 


Ihr  E slimated  Capital  Cost  (cm  each  element  includes  Contractoi  profit, 
enqineeiind,  leqal  and  cxmtinpencies  In  addition,  land  purchase  and 
severance  costs  ace  included  arhere  land  is  reciuired  All  costs  are  based 
upon  June  1973  prices 


Total  Estimated  Capital  Cost  $1 ,555,000 

Round  To  $1,600,000 
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HI8CO  UHHAN  HUNOFf  AND  BASIN  DRAINAGE  STUDY 


EXlSUNC 

I ACtLIIlES 

UtMFNT 
NUMBt  H 

I YPt 

PIPE  DIAMF  TF  R 
OH  CHANNEL 
BOTTOM  WIDTH 

LENGTH 

CHANNE  L 
SIDE  SLOPES 
IHon/  Veri  ) 

MAX 

DEPTH  OF 
CHANNEL 

PROPOSED  FACILITIES 

TYPE 

ESTIMATE  D 
CAPITAL  COST 

Replace-  , 
ment  ] 
Culvert 

12'  * 3' 

S22.000 

Holding 

Pond 

16  AF 

$175,000 

1 

Channel 

StreaiTtank  protection 

! 

S23.000 

Drop 

Structure 

1 ' drop 
29’  base 

Approx.  50  required 

$68,000 

Drop 

Structure 

1 ' drop 
15'  base 

Approx.  10  required 

$9,000 

Drop 

Structure 

1 ' drop 
35'  base 

Approx.  64  required 

$90,000 

Drop 

Structure 

1 ' drop 
35'  base 

Approx.  44  required 

$68,000 

Drop 

Structure 

r drop 
30'  base 

Approx.  16  required 

$36,000 

Drop 

Structure 

1 ' drop 
30'  base 

Approx.  15  required 

$34,000 

Drop 

St ructure 

1 ' drop 
29'  base 

Approx.  50  required 

$68,000 

Tht  C CsiHtat  Com  for  mch  Momonr  fncludoi  Contftctor  profit, 

■wfiw— riHf.  &nd  continfincfi  In  addition,  land  purcbOM  and 

twaranca  cotta  art  mdudad  «vf>art  land  it  raqutrad  AM  coitt  art  batad 
upon  Jtma  f973  pricat 


Total  Ettimatad  Capital  Coat  $S93,000 
Round  To  $600,000 

• U.  S OOVtRNHINT  POINTING  OPf  ICE:  l«7S-«««.)0«  115  KGION  10 


